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NEW BENJAMIN "PANEL-GLO” 


cuts former Benjamin Price for 
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NEW BENJAMIN "SKY-GLO” 


eiling louvers by as much as 50°73! 
Louvers now pr ed 
approximately ess! 
J g g NEW Simplicity brings down installed price! 
. * 9 . . 
to Benjamin's High Standards at New Lower Prices! 
NEW, Easier Installation brings down installed price! 
New low prices and all-around of Benjamin limineus 
enable vou te merease ceding belting prospects 
by offermy a lower installed price. Benjamin Glo” and 
“Paneb Glo” represent a brand-new approach te ceding lighting 
for stores. offiees. ete. There that is O proven TRANSLUCENT pla 
MORE LIGHT with CONTROLLED BRIGHT NE 
engineered for simple. low-cost installation... designed — 
for high-level. wellediffused hehting quality. featuring 
the see mie comlort always assocnted with 
Send for bree Sky Glo and “Panel-Glo” Data Bulletin. 
Benjani Mile. Cao. jet Des Plaines. NOW, figure the complete price of @ ceiling-lighting job by the cq. ft.! 
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Stop lamp replacement guesswork 


with the new Westinghouse 


slimline lead-lag ballast 


. «the only ballast of its kind 


You always know which lamp is burned out in a 
2-lamp fixture, if your ballast is lead-lag. In case of a 
burnout, you lose only the light from one lamp, 
because lamps operate independently in a lead-lag 
circuit. So why not take advantage of this mainte- 
nance economy and insist on the new, Westinghouse 
lead-lag ballast? 


Lead-lag has always given this prime advantage, and 
a lot more, but never before at today’s low prices and 
new small sizes. Prove for yourself these further sav- 
ings in trouble and money: 


1 No more dangerous “stop-go” illusion. Strobo- 
scopic correction helps prevent machine acci- 
dents . . . permits use in any industrial and 
commercial application. 


Maximum lamp life. Tests prove up to 10% 
longer life than with any other type ballast. 


Low installation costs because of simple wiring, 
light weight and small sizes in the new 
Westinghouse /ead-lag ballast. 


Minimum heat to be dissipated by the fixture, 
because of the low wattage loss in the new 
Westinghouse design. 


It's economical and practical to insist on Westinghouse 
lead-lag ballasts in any fixture you buy—or to replace 
old, less efficient ballasts. The Westinghouse ballast 
is available in both slimline and preheat fluorescent 
lamps. Get all the details in booklet B-5614, 
Westinghouse Electric Corporation, P. O. Box 868, 
Pittsburgh 30, Pennsylvania. Or phone your nearest 


Westinghouse office today. J-04345 


you can BE SURE... ITS 


Westinghouse 
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Only one lamp has burned out in each fixture. Yet, with a series 
ballast, as shown in photo “A”, both lamps are out. With a /ead- 
Jag ballast, you know which lamp has burned out—and you do 
not lose the light of the other good lamp~as shown in photo“ B", 
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Series 3600, 3700 
GLASS SIDES ——»> 


Fixtures that make 


Work Light 


These Lirecontrot “surface troffer” fixtures combine comfortable 
lighting levels with new ease of installation and maintenance. 


Lenses are set in hinged doors, equipped with LiTECONTROL 
Trigger Catches. Absence of visible dividers between doors provides 
attractive, unbroken length of lenses. 

Models 3600 through 3700 have glass side panels. Reduce con- 
trast between ceiling and fixture with upward illumination. 

Extremely shallow, economical, easy to open and close, they make 
a smart choice for offices, banks and stores. 

Get the full time-and-money-saving story on LITECONTROL'S 
complete line of fixtures. Write, today. 


3624 2-40W Bipin Glass 


3728 2-96T12 Slimline Gloss 
3824 2-40W Bipin Metal 
3924 2-48T12 Slimline Metal 
3928 2-96T12 Slimline Metal 


Series 3600, 3900 
METAL SIDES 


EASY TO OPEN — Justa touch. 

on the Triggers, and a Litecontrol | 

door convenientiy opens. No screws or adjust- 
ments of any kind necessary. 


EASY TO CLOSE — Simply 
push a Litecontrol door shut. 
The Trigger Catch snaps and holds instantly, 


CAT. NO. NO. OF LAMPS SIDES i safely, dependably 


3724 2-48T12 Slimline Gloss LIUTIs CON TIROIE 


CALM 


LITECONTROL CORPORATION 


36 PLEASANT STREET. WATERTOWN 72. MASSACHUSETTS 


DESIGNERS, ENGINEERS ANDO MANUFACTURERS OF FLUORESCENT LIGHTING EQUIPMENT DISTRIBUTED ONLY THROUGH ACCREDITED WHOLESALERS 
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To answer your Question: 


does this News Mean 


—a Statement by Benjamin Electric concerning the 


Officer Series 
Varsity Serves 


Recessed Troftertites New Serves 


Schootmaster Serves 


2 


< 


Skhyhghter Serves 


Square Serves Low Brightness Unit 


advantages to you of its acquisition of all these lighting units, 


hereafter to be known as the BENJAMIN 


concent 


rr... r Leaderall Cesings 


PTE Serves 


Corr tite 


The Leader Line in combination 
with the Benjamin Line makes 
Benjamin-Leader the largest, 
most complete industrial and com- 
mercial lighting line in the world. 

Ina word... this means that you now 
have more reason than ever to look 
to the “Leader Line” tor leadership 
in commercial lighting style and 
dependability. 

The truly remarkable growth of the 
“Leader Line,” in*the short space of 
ten years, to one of America’s biggest 
selling lines of commercial lighting 
equipment, is proot of its outstanding 


leadership in styling . 


and pertormance. 

Now, to this deserved popularity are 
added the many qualities of Benjamin 
engineering and manutacturing, which 


have won for Benjamin a reputation 
for highest quality, the world over. 
The know-how of more than fifty years 
ot leadership in quality manufacture 
produc tion efficiencies, preci- 
sion and economies made possible by 
the nation’s most complete and exten- 
sive lighting equipment manufacturing 
. the Benjamin distribution 
and sales policies ... all these will fur- 
ther strengthen the “Leader Line” and 
give you more reason than ever to re- 
gard it as your leading line of com- 
mercial lighting equipment for schools 

. ofhces ... stores and utilities. 

The Benjamin “Leader Line” 
sold ene lusively through Electrical 
Distributors. These distributors, to- 
gether with architects, electrical con- 
tractors, builders and owners, will 
continue to be served by both the 


facilities .. 


is 


Leader and Benjamin staffs of lighting 
representatives and lighting specialists. 

In closing this statement, here is our 
pledge to you :— 

It shall be our ever-continuing ob- 
jective to deserve your confidence in 
our products, by striving with our 
every resource not only to maintain, 
but to improve the position of leader- 
ship of the Leader Line’ —and thus 
to increase even further, the value of 
the “Leader Line” to you. 


Benjamin Electric Mfg. Co. Des Plaines, Illinois 


Division of 


Leadet systems 
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Design for a Dentists 


F EVER an area would need effective ilhumina 

tion for a pleasing comfortable atmosphere, it 

would be the waiting room of a dentists’ office 
In the room shown, ihimination was an especially 
important factor in this direction, since there were 
no Windows at all; the room was quite small 10 
feet 3 inches by 10) feet 9 inches, with a %-foot 
ceiling, and frequently had to accommodate as 
many as ten patients waiting their turn in’ the 
dentist’s ehair 

The feeling of confinement within a windowless 
area was solved with the use of a wall-size mural 
whose subject matter brought depth and openness 
to the whole area. To further emphasize depth 
and to give the illusion of a natural light source, a 


specially-designed lighted cornice was installed one 


This installation took second prize 
by the Central New York Sectior 
ing Lighting Installation.” Mr. Gra 
Neptune Furniture Compar New 
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for a Dentists’ 


Waiting Room 


By PAUL GRAYSON 


In this formerly gloomy waiting room the 
author, an interior designer, had the opportu- 
nity of coordinating both lighting and decora- 
tion for an atmosphere conducive to relaxation. 


foot SIX inehes from the ceiling, above the mural 
Louver squares in the eornice permit: light to be 
thrown across the ceiling for indirect iimination 
Diffusing lass below sends light to the wall mural 
and at the same time provides ZO footeandles of 
Hlumination maintained, for easual reading on the 
couch below. This unit is lamped with two ol-watt 
TS white slimlines 

To the left of the couch, a three-way portable 


table lamp. using 754-100-150 watt lamp. provides 
supplementary lighting and adds to the decorative 
effect 

Along another wall, a children’s beneh is 


Waiting Room Grayson 


> ne Wee 
—— 
oe * 
in the nt t nd ted 
LES. { Most Interest 
son an imtervor designe for 
Rochelle, New York 
“> 
‘ 


nated with an inverted white enameled bowl fixture 
mounted six feet above the floor, using a 75-watt 
lamp. The white plastic “brick” covering on this 
wall prov ides excellent reflectance, besides being 
a practical washable surface for little hands to 
toueh 

Above the plastic material, the wall has been 
painted a flat sunlight vellow; the ceiling is a light 


tint of this color. The remaining walls are a soft 


riedium flat gray and the floor covering is also a 


seft gray for maximum light reflectance, 


Installed above the doors toe the rest room and 


DENTIST > WAITING _ROOM 


ENTRANCE 


Design for a Dentists’ Waiting Room 


Grayson 


Corner cornice, at right in 
photo, lights entrance-way, 
and provides illumination 
for small package shelf 
and the mirror unit. 


one of the operating rooms leading from the en- 
trance foyer is a corner light cornice containing 
one 2-lamp 24-inch and one 2-lamp 40-watt 48- 
inch T12 white, instant start fixtures. Besides good 
lighting for the entrance-way, this provides illumi- 
nation for a small package shelf and mirror unit. 
A medium cool blie tone is used on the walls in 
this area. 

Acknowledgment is made to the cooperation of 
Drs. (. and A. Dreizen, of New Rochelle, New 


York, whose offices are here described. 


Since the room is small in size and 

there is no window, an illusion of space 

is created by the wall mural (shown on 
the previous page). 
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Brightness Difference— 
A Basic Factor in Suprathreshold Seeing 


a visual task (up to a limiting value generally 


I: IS accepted that increasing the brightness of 


well above present-day lighting practice) in- 
creases its visibility. Brightness is the most con- 
trollable of the four factors of size, contrast, bright- 
ness and time, which govern the visibility of an 
object. In the usual sense, the brightness of a 
visual task is considered to be the brightness of 
the immediate background against which the de- 
tails of the task are viewed. However, changes in 
background brightness, with changes in illumina 
tion, are accompanied by changes in object bright- 
ness. It is the brightness difference between the 
object and its background which becomes a signifi 
cant index in evaluating the effectiveness of illu- 
mination. While the contrast of an object with its 
background will remain constant at all illamination 
levels, the brightness difference will increase as the 
illumination increases. 

Let us consider a specific visual task being per- 
formed by a worker. It can be defined and de 
scribed by its size, by the contrast between the 
details and their immediate background and by the 
time available for seeing. In any particular visual 
situation, these factors are constant regardless of 
the level of illumination. When the level of illimi 
nation is increased, the only corresponding changes 
in the task are the brightnesses of the object and 
its immediate background. If, in analyzing the 
improved visibility, only the background brightness 
is included, no consideration is given to the effect 
Thus, it is 


difficult to develop a general concept of supra 


of the illumination upon the objeet. 


threshold seeing which ean be applied to any visual 
task. 
able to relate suprathreshold conditions to a basic 


Furthermore, it seems to be desirable to be 


and fundamental measurement which does not in 
volve any physical change in the task being viewed 
On this basis. measurements of threshold size, con 
trast or viewing time appear to be inadequate for 
deseribing suprathreshold conditions. 

Measurement of brightness differences can be 


A paper presented at the National Technical Conference 
1 


Miuminating Engineering Society, Sept. 8.12 
AvTHORS: Application Engineering Dept Lamy 


Electric Co, Nela Park, Cleveland, Ohio 
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Brightness Difference 


By SYLVESTER K. GUTH 
A. A. EASTMAN 
R. C. RODGERS 


related to any visual task and extended to all supra 
threshold conditions. It bears a relation to con- 
trast, in that the latter can be considered as rela 
tive brightness difference. However, by placing it 
on a relative basis, the significance of the absolute 
values of brightness is lost. If contrast and bright 
ness of background are known, the brightness dif 


ference can be computed : 


CB, 


where © is the contrast and AB is the brightness 
difference between the background brightness, Bp, 
and the object brightness, B,. Similarly, the bright 
ness difference can be expressed as a funetion of 
the illumination FE and the refleetances of the back 
ground R, and the objeet R,: 


AB=E (R,—R,) 

Considerable data are available that can be used 
to check the relationships between threshold and 
suprathreshold seeing. Many of them are in terms 
of contrast and background brightness, which can 
Neverthe 


less, it was decided to obtain new data to establish 


be converted into brightness difference 


_the general trends and validity of these relation 


ships and of the brightness difference concept and 
its application to appraising suprathreshold visi 
bility 

The first step was to determine the threshold ill. 
mination for a series of test objects of equal size but 
of various contrasts. The objects selected correspond 
to the letter E of the A.M.A. test chart 
accurately reproduced by photographic means so 


They were . 


that at the viewing distance of 20 feet they sub 
tended visual angles corresponding to line 5 of the 
A.M.A. chart 


widths were approximately 2.25 minutes. The over 


Thus, the visual angles of the stroke 


all heights of the letters were five times the stroke 
widths and subtended visual angles of 11.25 min 
utes Physical data pertaining to these objects are 
presented in Table I. While it is difficult to repro- 
duce these objects accurately, Fig. 1 will aid in 
visualizing them. High, medium and low contrasts 
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TABLE I. - Physical and Observed Threshold Data 
Pertaining to the Four Letter E Test Obiects. 
Reflectance and contrasts are expressed in per cent, and 
brightness in footlamberts. 


Physical Data 
Test Object 


1 2 3 4 

ir ! / 
t ta i 
Ketlectance diff \l i il 
fontrast ‘ i i- 
Threshold Data 
tel f ni +4 mo 
/ 
Kelat if 


were obtamed with various combinations of back 
ground and objeet reflectances. It will be noted 
that identical contrasts were obtained with objects 
and 4oby different reflectance combinations. This 
pair afforded an opportunity to make a direet com 
parison of the brightness difference required for the 
threshold condition for light and dark backgrounds 
Objects Lighter than their backgrounds were not 
ineluded= becatse no significant differences have 
been found for the range of sizes and contrasts 
usually encountered typical seeing situations.' 
Kleven young adult observers —- all with normal 


vision made ai series of observations of the 


threshold illumination. That is. the illumination 
was adjusted until the letters were just) barely 
threshold 


levels for the test objects are presented in Table I 


recovnizable. The average footeandle 
It is interesting to compare the results obtained 
with objects 2 and 4. These objeets have identical 
contrasts but reflectance differences of 13.5 and 0.68 
per cent, respectively. The threshold illiminations 
required for this pair of letters were 0.95 and 184 
footeandles. The observed brightness differences 
are equal, Similar results were obtained with a 
smaller pair of E’s but with eonsiderably higher 
levels of itlimination. These data indicate that two 


visual tasks of identical contrasts having unequal 


SN Dithe renee 


Guth Kastman-Rodagers 


Figure 1. Reproductions of the test 
objects used in the experiment. From 
left to right they represent approxi- 
mately the contrasts of the four letters, 
1 to 4, respectively, described in Table I. 


reflectance differences can be brought to an equal 
level of discrimination by footeandle levels which 
provide the same brightness difference. 

In Fig. 2 are illustrated the relationships be- 
tween visibility levels, as indicated by the Luckiesh- 
Moss Visibility Meter, and footeandles for each of 
the E’s. It is seen that the lower contrast objects 
require considerably higher footeandle levels than 
the high contrast objects for any given visibility 
level. For example, for a visibility level of 2, the 
required footeandles are 1, 24, 52 and 500 which are 
in approximately the same ratios as the threshold 
footeandles as presented in Table IL. Furthermore, 
these ratios are practically constant for all visi- 
bility levels. In other words, the visibility meter 
indicates relative footeandles of the same order as 
threshold observations. These values bear no obvi- 
ous relationship to the physical data of the objects, 
though they can be arranged in the same order as 
the reflectance differences. Tlowever, an analysis of 
other data has indicated that such a relationship is 
continuous only when either the reflectance of the 
object or of the background is a constant. For 
example, the relationship between visibility level 
and reflectance @ifferenee of a series of objects of 
the same size, all with white (S80 per cent) back- 
grounds, can be represented by a smooth curve. A 
different curve will be required for a different back- 
ground reflectance. This probably is the reason 
why some experimental data presented in terms of 
contrast appear rather variable. When the data 
are so presented, different curves will be obtained 
for identical values of contrast. None of these rela- 
tionships is unexpected, but they do serve the pur- 
pose of emphasizing the importance of the refleet- 
anees of the objeet and its background 

When the data of Fig. 2 are replotted in terms of 
brightness difference, the curves of Fig. 3 are ob- 


In this case the curves for test objects 2 


tained 
and 4 fall together and the three curves are in the 
same relative order as the contrasts involved. Tow- 


ever, these curves still do not differentiate between 
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1 1.8 2 3 4 56 8 10 1S 20 
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Figure 2. The relationships between footcandles and visi 
bility level for four letter E test objects with various 
contrasts and reflectance differences. 


objects of equal contrasts obtained with different 
combinations of reflectances. Nevertheless, they 
do indicate the important point that for a given 
contrast, brightness difference is a constant for a 
specific visibility level. This also is illustrated in 
Table I for threshold values of brightness differ 
ence. In other words, the L-M visibility meter rates 
the objects in the same manner as they are rated on 
a threshold basis. For example, the relative values 
of brightness difference from threshold data (Table 
1) are 1, 2 and 3.5 as compared to 1, 1.8 and 3.5 
for the visibility data (Fig. 3). 

It is often overlooked that any specific contrast 
can be obtained with an infinite variety of combi 
nations of background and object reflectances. The 
data presented in Fig. 4 illustrate how a given visi 
bility level ean be maintained with tasks having 
four different contrasts. Each contrast is obtained 
with several combinations of background and ob 
jeet reflectances. It is shown that for a particular 
contrast, however obtained, the illumination must 
be such that the brightness difference will be con 
stant. All of the data pertain to a visibility level 
of 5. Data were obtained with 5-minute parallel 
bar test objects with contrasts ranging from 20 to 
95 per cent. For each contrast the background re- 
flectances ranged from white (80 per cent) to dark 


gray (20 per cent). Appropriate values of object 
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Figure 3. The data of Fig. 2 replotted in terms of a rela 
tionship between brightness difference and visibility level. 


reflectances were selected for the various contrasts 

To maintain any given visibility level for a con- 
stant contrast, the brightness difference between 
the object and its background must also be con 
stant. For example, from Fig. 4 which pertains to 
a visibility level of 5, the brightness difference is 
7.6 footlamberts when the contrast is 95 per cent 
In other words, regardless of how the contrast is 
obtained, with either high or low reflectances, the 
footeandle level must be such as to produce a 
brightness difference of 7.6 footlamberts in order 
for the task to have a visibility level of 5. This 
of course, means that low reflectances of object and 
background require high footeandle levels. The 95 
per cent contrast may be obtained with background 
and object reflectances of 20 and 1 per cent, re 
spectively. In this case 40 footcandles are required 
as compared with 10 footeandles when the respee- 
tive reflectances are SO and 4 per cent. Thus, Fig 
4 emphasizes the importance of including the re- 
flectance of the objeet and its background when 
determining the footeandle level for any desired 
visibility level. In other words, how a specifie value 
of contrast is obtained is just as important as the 
value of contrast itself 

As the contrast decreases, the brightness differ- 
ence must be increased accordingly. For contrasts 
between 95 and 20 per cent. the brightness differ- 
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FIVE-MINUTE PARALLEL BAR 
MISIBILITY LEVEL <5 


BY FOOTCANOLES ON TASK 


40% CONTRAST 
FT-L 


60% CONTRAST 
39 FTL 


2 


95% CONTRAST 
46-76 F TL 


eo 


WY 


TEST OBJECT 


BRIGHTNESS OF BACKGROUND AND OBJECT 


20% CONTRAST 
68-12 FT-L 


Figure 4. Footcandle, bright- 
ness, and brightness difference 
relationships for a five-minute 
parallel bar test object at a 
visibility level of 5 with con- 
trasts of 20, 40, 80 and 95 per 
cent. Each contrast is obtained 
with four different combina- 
tions of background and ob- 
ject reflectances. To maintain 
the same visibility level, the 
brightness difference must be 
constant for each contrast, re- 
gardiess of how the latter is 
obtained. 


60 40 20 
12 6 a 


REFLECTANCE OF BACKGROUND AND OBJECT (PERCENT) 


ences required for a visibility level of 5 range from 
7.6 to 12 footlamberts. In comparison with other 
factors and criteria this is a relatively small varia 
tion. It may be possible to use a single value of 
brightness difference to obtain, on an approximate 
the de 


Thus, a brightness difference 


rule of thumb basis, footeandles for any 
sired visibility level 
of 10 footlamberts could be assumed for a visibility 
level of 5. This would result in 50 footeandles for 
a %> per cent contrast (20 per cent background, 1 


per cent objeet) and 250 footeandles for a 20 per 


cent contrast (20 per cent background, 16 per cent 
object). These footcandle levels would provide 
visibility levels of 4.6 and 5.2, respectively, as com- 
pared to the desired value of 5. These are not con- 
sidered to be serious differences, because of the 
wide variations among individuals. 

In Fig. 5 are illustrated graphically the relation- 
ships between brightness difference and_ visibility 
level for several The upper 
curve of each shaded area represents the brightness 
of the background and the lower curve represents 


values of contrast. 


FIVE-MINUTE PARALLEL 


if 


BAR TEST OBJECT 20% 


CONTRAST 
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Figure 5. Graphical illustra 


tion of the relationships be 
tween brightness difference 
and visibility level for several! 


N 


30% 
CONTRAST 


values of contrast. The bright 
ness difference required for 
any visibility level is repre 
sented by the vertical distance 
between the upper curve (back 
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ground brightness) and lower 


curve (object brightness) of 


each shaded area. 
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the brightness of the object. If the object were the 
brighter, the designations would be reversed. The 
vertical distance between each pair of curves repre- 
sents the brightness difference required for any 
given visibility level. For example, with a 5-minute 
parallel bar test objeet having a contrast of 50 
per cent, a visibility level of 2 is obtained with a 
brightness difference of 1.6 footlamberts. However, 
a brightness difference of 62 footlamberts is’ re- 
quired for a visibility level of 20 for the same 
object. 

These curves also illustrate that relatively small 
brightness differences, and hence easily attainable 
brightnesses, are required for high contrast tasks, 
even to obtain high visibility levels. On the other 
hand, much higher brightnesses are required to ob 
tain the necessary brightness difference when the 
contrast is low. However, even with low contrast 
tasks, the brightnesses required for moderate visi 
bility levels are not excessive, even though the foot 
candle levels may be difficult to obtain especially 
with low reflectances. Nevertheless, such diffi 
culty should not be considered a serious obstacle to 
providing adequate means for seeing 

It appears that a brightness difference concept 
also can be applied to the appraisal of comfort and 
ability to see, when applied to the task and sur 
roundings. In some earlier investigations? it has 
been shown that contrast sensitivity and ease of 
seeing are maximal when the brightness ratio be 
tween the task and its surround is unity. When the 
surround is brighter or less bright than the task, 
both contrast sensitivity and ease of seeing de 
crease. However, when the data were presented in 
terms of brightness ratio, the relationships were 
skewed, a surround to task ratio greater than unity 

5/1) being less desirable than a corresponding 
ratio less than unity (1/5). When the brightness 
relationships are converted into differences rather 
than ratios, both contrast sensitivity and ease of 
seeing are indicated as decreasing approximately 
the same regardless of the direction of the bright 
ness difference. The reasonableness of this can be 
illustrated by an example. If a task brightness is 
equal to 10 footlamberts, the surround brightnesses 
for 5/1 and 1/5 ratios would be 50 and 2 footlam 
berts, respectively. The corresponding brightness 
differences are 40 and & footlamberts. It seems ob 
vious that the larger brightness difference should 
he expected to produce greater discomfort 

In the extensive investigations of the various 
factors which govern whether sources of brightness 
are comfortable or uncomfortable’ the same gen- 
eral concept can be applied, especially to large 
luminous areas such as usually are involved in typi 
cal lighting installations. A caleulation of the rela 
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tionship between source brightnesses at the border 
line between comfort and discomfort and adapta 
tion brightnesses ranging from 5 to 100 footlam 
berts indicates an approximately constant bright- 
ness difference for a 90 per cent comfort rating. 
The indicated values range from about 40 to 50 
footlamberts. That is. a brightness difference of 
about 45 footlamberts between a visual task and 
sources of brightness should be expected to be 
comfortable for 90 per cent of the occupants of the 
aurea. For example, when the task brightness is 10 
footlamberts, the source brightness should not ex- 
coed about 55 footlamberts; similarly, when the 
task brightness is 50° footlamberts, the maximal 
permissible source brightness is about 9 footlam 
berts. These values are for sources that may be 
viewed directly. Therefore, if sources are displaced 
from the line of vision, correspondingly higher 
source brightnesses and brightness differences will 
be tolerated. Similarly, larger brightness differ- 
enees will be permitted for small area sources 
From the foregoing it is seen that the brightness 
difference concept affords an interesting approach 
to a better understanding of the benefits that can 
be received from higher levels of ibumination 
Greater emphasis is placed upon brightness. Ap 
praisals can be made in terms of visibility: and 
related directly to threshold observations. The 
application of brightness difference to ease of see 
ing and quality of lighting permits a coordinated 
analysis in terms of this basie and sensitive visual 
function. Such a concept ultimately may also have 
application to problems involving color differences 


References 


1 Slackwell, Hl Richard Contrast Thresholds of the Human 
F ve Journal of the Optieal Society of America, Vol, 36, p. 624 
(1946 

Luckiesh, Matthew Brightness Engineering,’ ILLUMINATING 
ENGINEERING, Vol. NNNIX, po 75 (1944 

Luckiesh, Matthew, and Guth, S Kk Brightnesses in Visual 
Field at Borderline Between Comfort and Diseomfort (BCD 
ILLUMINATING ENGINEERING, Vol. NLIV, p. 650 41949) 


DISCUSSION 


Lecanp H. Brows The authors of this paper have made 
much greater contribution to illuminating engineering 
than they realize 
Serentists have found that any complicated problem ean 
best be analyzed by resolving it into its elements and then 


secing What happens if one or at most two of the clements 


re Varied while all the others are held constant 

In illuminating engineering it has been traditional to sa 
that the visibility of an object is dependent upon four 
fuetors: size, contrast, brightness, time 

Phe suthors, however, have dared to break this tradition 
by pointing out that contrast is not o single element but a 
ratio involving several faetors, Towever, while daring to 
estion tradition, they have weakened their paper by pa 
Stanford Universit Stanford. ¢ 


Brightness Difference 


so 
ate 
a 
x 
ly 
~ 
‘ 


Ing tow much respect to contrast. So much so, that for the 
cusual ore ‘ they have even detined the differenee in 
brightness between the objpeet and its background in terms 
of contrast and background brightness 
| wish they had come right out and said t the four 
« factors that determine the visibility in object 


t rightness, background 


actualy size, 

brightness and time for seemyg 

Phese for eto the only ones, and they are funda 
mental Prue if eathe the objeet or background is not 
self luminous, then their respertive brightnesses are equal te 
the product of Hldmination and refleetanece Hut im the 
final analyses size, time, object brightness and back 
ground brightness are the four base factors that determine 
the visih y of an object 

If one then keeps the size of the objeet and the time for 
wooing both constant, it becomes obvious that the visibility 
of an object will of necessity be dependent upon the bright 
ness difference between the objyeet and its background 

l am sure that the authors must have eonsidered such a 
forthright approach and then deemed that it) mig too 
darmyg. | wish they had had the courage of their original 

There examples in the paper show very effectively how 
dependent viuhility is upon this brightness differenee. The 
shies how much more momformative dat ire obtnined 
hen cone orks with brightness differences than when one 
the more obscure and confusing concept of contrasts 

It is hoped that not only will future researches be based 
on brightness differences, but that much of the past re 
wureh «data based on eontrast may be eonverted mto the 
more basie and usable form of brightness differences 
(. This paper is certainly interesting, 
expecially with respeet to its facile manipulation of the 
variables determining visual aeuity and to the evolution of 
the coneept of brightness difference as a determining vari 

| wonder, though, if we do not already have enough, 

if net too many, of such variables. So often new ones are 
sugested whieh are simple derivatives of the old. When, as 
ims the the new fail to replace the old, the 


voonhbulary ind ultimately the literature become eluttered 


sed confused. It is my feeling that “brightness difference” 


be sueh o 


Certam contrast alone is net adequate to serve the 


funetion the authors desire for “brightness difference” be 
possible when objeet brightness is 


“brightness differ 


eouse high contrasts ar 


sub threshold Vet, the same is true of 
ence.” Furthermore, when we are treating visibility and 


in general we must eonsider the cease of the trans 


Hllhumimated test which ense 


objeet or baekground, in 


“brightness difference” and contrast become essentially the 


same since iInerenses in illumination ehange both contrast 


ind “brightness difference.” In one imstanee “brightness 


diflerones seems the same as eontrast and in another it 


seoms to suffer the same shorteoming 
I wonder, too, about the extent to whieh the experiment 


hadd to be performed Onee the concept of brightness differ 


enee was arrived at it would seem that its empirical basis 


coukl have been established by manipulation of the data 
obtained by Blackwell here, bw Weston for visual senity 
test objeets) in England, and bw the elassieal data on visi 
bility and seuity when transilluminated objeets or back 


grounds were used. Sinee it has been performed, however, it 


i desirable and valid cheek 


certainly serves as 


*Inatitute Expermental Peveholowry 


Medford, Mass 


Brightness Difference 


Guth-Eastman-Rodgers 


In the end I believe that L would vote for the retention 
of the old variable. Contrast seems adequate if threshold 
contrasts are specified along with threshold brightness of 
the test object under conditions of minimal contrast. We 
tlrendy have the term. It is being widely circulated, in 
Chapanis, Garner, and Morgan, in the Tufts Handbook, in 
the Vision Committee's Standards for Research on Visual 
Displays, . It is certainly no more difficult a computation 
than “brightness difference.” “Brightness difference” can 
easily be derived from it where such a term better deseribes 
some Visual funetion, 
DoMiInA Srencen*: Before we are tempted to 
interpret the Guth Eastman Rodgers paper as a basis for 
considering “brightness difference” as a fundamental visual 
concept, let us examine the situation more carefully. On 
the last page, the statement is made that “a brightness 
difference concept ean also be applied to the appraisal of 
comfort and ability to see, when applied to the task and 
surroundings.” The suggestion is made that “a brightness 
difference of about 45 footlamberts should be expected to 
be comfortable for 00 per cent of the oecupants.” If 4B is 
t baste coneept, it should have general applieability 

Let us go outdoors in the daytime: On a sunny day the 
brightness of a building may easily reach 1000 foot 
lamberts. Aeceording to the suggested eriterion, 1045 foot 
lamberts is on the verge of being uncomfortable. Do you 
believe that a contrast of 4 per cent on a sunny day is 
intolerable to 10 per eent of the people? 

Let us take another trip outdoors at night: Perhaps the 
skv has brightness of 0.001 footlamberts, According to 
the AB eriterion, a brightness of 45 footlamberts is all 
0 per eent of the people ean stand. Yet the moon is 20 
times as bright as is allowed. And [I am sure that more 
than “0 per cent of the people find moonlight delightful! 

The diffieulty is not that we need a new concept. We 
need rather to learn to use an old concept “adaptation 
helios.” This concept was based on one of the finest pieces 
of research that has ever come out of Nela Park on the 
hasic experimental work of Holladay, published 25 years 
ago. If Holladay’s suecessors were to take data as he did, 
covering the range of values from starlight to sunlight, 
and would learn to utilize the modern interpretation of his 
work, they would find their new concept quite unnecessary. 

A. A. and R. C. Roporss**: Perhaps 
it may well to state that we do not consider ourselves as 
“discoverers” of brightness differeice. It is not a new term 
or concept in visual research, but merely a little used one 
It wenerally has been limited to studies of brightness dis 
crimination. We, along with a few others, believe that it 
has a more general application and provides a better under 
standing of the effectiveness of light and lighting. 

As Dr. Brown has so well emphasized, object and back 
ground brightnesses are fundamental factors. The relation 
ship between them for any given adaptation level deter 
mines whether the objeet is visible or invisible. Perhaps we 
were conservative in not advoeating the use of brightness 
difference in place of a derived value such as contrast. We 
do agree with him that basie factors should be absolute 
physical quantities. Nevertheless, there are times when 
relative brightness difference or contrast may be convenient 
for expressing fundamental relationships. It may be diffi 
eult for some persons to visualize brightness difference 


because of their long time usage of contrast. Furthermore, 
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tended to make the two terms 


have 


perhaps many people 


synonymous. That is, when speaking of a high contrast test 
object, they actually think of a larger brightness difference 
than they do for a lower contrast object 

Mead'’s reluctanee to use brightness difference is 
understandable. So much of the available data are pre 
sented in terms of contrast. Llowever, we are sure that he 
recognizes the importance of such a factor and its applica 
tion to suprathreshold seeing. The fact that brightness dif 
ference and contrast both change with transilluminated test 
objects or backgrounds should not be discouraging. Con 
trast still is relative brightness differences 

One of the primary purposes of our paper was to illus 
trate how suprathreshold visibility, as evaluated with the 
Luckiesh Moss Visibility Meter, could be related to thresh 
old observations. Thus, it was necessary to conduct an 
experiment of at least reasonable extent. It is obvious that 
a specific value of contrast can be obtained by a wide range 
of object and background retleetances (or brightnesses 
The common denominator among these is that a constant 
brightness difference will provide a constant visibility level 
regardless of how the contrast is obtained 

Typical seeing situations involve specifie tasks in) which, 
for each, contrast is constant regardless of the footeandle 
level. It is not the variable that Dr. Mead savs it is. Thus, 
the pertinent variables are the brightnesses of the objeet 


and its background As the footeandle level is inereased, 


these brightnesses ond the differences between them imerease 


It seems entirely logieal to use a variable which involves 
both brightnesses such as brightness difference rather than 
only the background brightness as is usually done, 

In her diseussion, Dr. Speneer tries to extend our general 
brightness differences to 
We speciti 


conelusions regarding comfortable 
outdoor conditions with sunlight and moonlight. 
cally stated that the 45 footlambert brightness difference 
held for adaptation brightnesses ranging from about 5 to 
100 footlimberts. Extrapolation bevond the range of ex 
perimental data often leads to unwarranted conelusions, as 
she has so well illustrated, However, it might be well to 
point out that the building brightness of 1000 footlamberts 
in her example may be uncomfortable because of the extent 
of the bright area Adding a relatively few footlamberts 
merely changes the degree of discomfort 

Another point whieh Dr. Speneer illustrates is the inthu 
ence of size of source Not only does she introduce high 
and low brightnesses, but also large and small luminous 
areas, As we have pointed out, larger brightness differences 
will be permitted for small area sourees and the moon 
eertaimly is one of these 

Our hope is that more consideration will be given to 
brightness difference as a basie factor in seeing. It seems 
to have broad possibilities and should result better 
understanding of how and why improved lighting provides 


better seeing 


Perimeter lighting is the theme of this recent installa- 
tion in a Masonic Temple at Homestead, Pa. To insure a 
level installation in an old building, the luminaires were 
mounted on flexible hanger channel. The side lighting 
consists of two-lamp 8-foot module units using 75-watt 


T1l2 lamps and provides 25 footcandles on the seating 
area. Matching spotlight units, using 150-watt, PARSS8 


1953 


Modular Lighting in 


Masonic Temple 


floods, highlight the Officers’ stations. Over the center 
altar 100 footcandles are achieved by the use of four 
4-foot modules with two 4-foot slimline lamps each and 
four 150-watt spots. 

Installation was designed by A. G. Caplan, Duquesne 
Light Co., Pittsburgh, Pa. Photo courtesy Mitchell Manu- 


facturing Co. 
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Two lamp recessed troffers and a single-lamp cove provide 
& maximum of 90 ftc over the main banking area 
(below) in the Liberty Federal Savings and Loan Asso 
ciation, in Philadelphia, with an average illumination 
over 70 ft-c. A total of seventy-two 74-watt standard 
F cool white T12 lamps, on 430 ma, are used in the troffers, R h B k 
while the cove contains eighteen 75-watt and two 54-watt ranc an Ss 
T12 lamps. The banking area is 61 by 44 feet in area with 
ceiling height of 11 feet. Reflectances are: ceiling, 80 
per cent; walls 50; floor 35; rug 9; and furniture 20 per 
cent. Architect on this installation was J. Sindoni; light . 
ne of the m tiv t 
ing engineer was G. T. Anderson Jr., Philadelphia Elec- de 
tric Co ighting design ese days is in 
branch banks, new and remodeled. 
High ceilings, relatively large areas, . 
and the trend to attractive inti- 
mate interior design, present a 
special challenge in their lighting . 
solution. 


This suburban building and loan office, 
Lincoln Savings and Loan, Carnegie, Pa., 
inspirires customer confidence by attrac 
tive surroundings and architectural light- 
ing. Three-lamp semi-recessed troffers, with 
plastic bottoms, give 30 ft-c downlight as 
well as ceiling illumination. Over the 
traffic aisle, a specially designed housing 
containing R40 floods is also semi-recessed 
and has a perforated exposed band allow 
ing side light. An entire wall takes on a 
new appearance from the continuous row 
of cool white, 40-watt lamps, located one 
foot from the wood-paneled surface. These 
lamps are concealed behind an architec 
tural beam in which there are four re 
cessed downlights with narrow beam 
spread. These units add illumination on 
the small desks used by customers. Lin 
coln’s portrait, the emblem of this organi 
zation, is highlighted by a silver bullet 
type housing using a 150-watt R40 spot. 
Installation was designed by C. B. Ross 
Duquesne Light Co., Pittsburgh, Pa. 
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Photo courtesy of Luminous Cedings Ine Chicago. 


Cross baffle application of an acoustical ceiling (above) gives the Mutual Federal Savings and 
Loan Association of Washington, D. C., high level (50 ft-c) illumination, acoustical treatment, 
and combines with interior appointments to form a fresh modern interior. In remodeling, the 
17-ft 8-inch ceiling was dropped to 14 ft by installation of the luminous element. A plaster ceiling 
around the perimeter of the room is furred level with the luminous ceiling and contains the air 
conditioning diffusers, thus preserving the unity of the luminous area. Acoustical baffles are 
arranged in a modular pattern approximately 3 ft by 10 ft, acting as a giant louver beneath the 
ceiling, and lowering still further the apparent brightness. A 3-ft strip on all sides of the baffle 
area is flush luminous ceiling with T-track only. The 4-foot plenum is plaster painted flat white; 
no reflector strip necessary. Continuous rows of 8-ft channels use 2-lamp 40-watt ballast with 
lamps on single strip in tandem on 33-inch centers. High reflectance surfaces (light green wall, 
blonde furniture) keep all brightness ratios within a 10:1 limit. This attractive banking interior 
was designed by George W. Clark, architect, of Hoggson Bros. Inc., bank building specialists of 
New York City. 


This bank, a branch of the Mellon 
National Bank, in the small city of 
Butler, Pa., receives 30 ft-c ilumina 
tion in service from a newly developed 
luminaire, inspired by this installation. 
These 4 by 4 ft square units, each con 
taining six 40-watt T12 lamps, are 
recessed in the 15-ft acoustical ceiling, 
and spaced on 12 ft centers. Walls are 
painted a pastel rose, which helps to 
offset the lack of red in the standard 
cool white fluorescent lamps. Ceilings 
are white with 85 per cent reflectance, 
an important factor with a totally re 
cessed installation. Data submitted by 
the West Penn Power Co., through A. 
G. Caplan, Pittsburgh Section Data 
Sheet Reporter 
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Maintenance Factors 


HEN 


with predicted values, the consumer rather 


Hlumination results do not agree 
logically takes the attitude of being over- 


Although 


crepancies are due to incomplete rather than in 


served most dis 


sola or 


inadequately 
data. all factors used in illumination ealeu 


lations are being re-examined. Test facilities’ have 
been developed to increase the coverage as well as 
the precision of utilization data and this study was 
undertaken to explore the possibility of providing 
mere representative mamtenance Tactors 


A test program was planned to 


Mensure the 


majority of 


of 


depres 
offiee and 


<vstems representative of a 


school installations, many stores 


the 


Sepurute the 


better quality industrial designs, 


various faetors contributing to illuminatior 


depreeimtion lamp lumen depreeiation, dirt on lamps 


dirt on fixtures, room surface depreciation 


a correlation exists 


the 


Determine if between the depreeia 


thon of lighting svstems in refleetanee or 


transmittance of “atmospheric indientors” due to dirt 


Test Procedures 


Thirteen offices in the Engineering Building of 
the General Electric Company at Nela Park, Cleve 


land, were selected for test areas. Lighting systems 


varied from luminous indireet to totally direct. 
See Table I Only fluorescent svstems were in 
eluded 


The following steps were taken te ready each 


office for the test. Those fer washing or 
painting during the vear were refurbished imme 
diately, Notices were posted with the operating 
department and in the offices to remove them from 
the normal maintenance program and to avoid any 
nousual usage of the systems. (See Fig. 1 All 
fixtures were washed thoroughly 

To minimize the interference of lamp failures, 


all fixtures were equipped with new, seasoned 


Fie 


measure the relative output of each lamp so that 


lanips photometer was developed to 


lamp depreciation could be separated from that 


Haset on a paper presented at the National Technical Conferen 
of Engineering Society, September 81 1as2 
or Thlareent Additional data covering a fall wear of testing are 
neluded Authors fieneral Fleetric Company Lamp Divi 
(leveland, 


Realistic Maintenance Factors 


Tests Aimed at Realistic 


Octtina-Tuttle 


By R. L. OETTING 
j. W. TUTTLE 


due to dirt. By means of a variable autotrans- 
former, system voltage was maintained at 118 volts 
during all test periods. Normal operating tempera- 
tures were also maintained as closely as possible. 
For instance, each enclosed unit was opened just 
prior to making lamp photometry measurements 


The 


at representative and designated spots. 


reflectance of room surfaces was measured 
A Baum- 
vartner Reflectometer® was used. The reflectance 
and, where applicable, the transmittance of atmos- 
pherie indicators were measured. These indicators 
were 4d-ineh by 4-ineh panels of white synthetic 
enamel on steel, anodized aluminum, smooth-sur- 
faced ditfuse 


aerviic plastie, and sandblasted diffuse glass. Three 


acrvlie plastic, sandblasted clear 
sets of these panels were supported on a rod frame 
from the picture molding in each test office. One 
set was horizontal, one vertical, and one in a 45- 
degree sloping position. (See Fig. 3.) They were 
installed at approximately fixture height and in as 
similar a location in each office as possible 


The average illumination of each svstem at desk 


level was determined from measurements at the 
center of test areas not exeeeding 3 ft by 3 ft. 
Average illumination was also obtained by the 
LES. survey method. Measurements were made 


with a cosine. and color-correeted precision illumi- 
nation meter® under stabilized and recorded eondi- 
tions of temperature and voltage. 

Hbimination. reflectance and transmittance mea- 
stirements were made at the end of each of the first 
five months (at which time preliminary results 
were reported at the 1952 National Technical Con- 
Similar measurements were 
the end of the eighth and twelfth 
Initial and final illumination surveys em- 
ploved both the LE.S. method and the total area 
method 
1.E.S 


ference inp Chicago 
also made at 


months 


Intermediate surveys emploved only the 
method. 

At the end of the twelfth month, atmospherie 
indicators were measured; lamps were photome- 
tered; and illumination surveys were made with 


the | ES method in this order : 


i) with the fixture intaet and with accumulated dirt. 


hh) with louvers or enclosures, where employed, removed. 


, remove d and 


with louvers or enclosures, where emploved 


with the 


lamps thoroughly washed 
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Figure 1. A casual illumination depreciation check in 
this office, in part, suggested a comprehensive survey of 
it and twelve other offices. Monthly readings were taken 
on the corner of the table. The survey was interrupted 
in 1949 when a power shortage required a reduction in all 
lighting loads. Meantime the room was repainted, cool 
white lamps replaced daylight and a more thorough main 


TABLE I. 


Height Lamps 


Dimension Ceiling Fixture’ Index Size 


H SSW TIT Vil 
BOWT17T 
40W T17 

isTiz 


to heht center of unit 

sswise by lengthwise 

®Per cent licht upward and downwar 
*A combination of 2 
®Metal 


*New 


indirect, SI 
ents lighted | 


assifications: I 
amp troffer and luminous ceiling eler 
parts of unit are 


rapid 


synthetic lacquer enamel 


start lamps and ballasts 
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Starting Unit No 


semiindirect dire 


ltealistic Maintenance 


tenance program was adopted. The peak value in 1951 
indicates the start of the depreciation test period. After 
12 years of use, the installation is providing at least 30 
per cent more light than formerly, due to higher reflect- 
ance walls, increased lamp efficiency and better mainte- 
nance. 


Data soi Test Rooms and Lighting Systems. 


Units 


No 


per 


Shielding Distribution Material and Description 


Anodized aluminum sides 
Kaffle type louver 
enamelled glass sides® 
Anodized 


No louvers 


‘lumonum sides 


Anodized aluminum troffer 
Vinyl plastic ceiling 
Volysty 


rene sides 


lacquer enamel 
nthetic lacquer enamel 
hal eee rate 


erate 


louvers 


rene sider 


cust egg 


polystyrene louvers 


Synthetic lacquer enamel 


crate louver 


Prismatic glass en: losed® 


Polystyrene and aecryhe 


plastic enclosed® 


Synthetic lacquer enamel 
taffle type louvers with two 


longitudinal blade 


Anodized alu num troffers 
Baffle type louvers 


Synthetic enamel 


type louvers 


ndirect, SI) semi direct, D- direct 


i third lan m top of troffer channels 
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Figure 2. Far left: Photometer for measuring relative 
output of test lamps. It contains two matched color. 
corrected cells and accommodates both T12 and T17’s. 
The photograph is a modification of one developed by G. 
R. Baumgartner and described in ILLUMINATING EN 
GINEERING, November 1944. Left center: Microamme 
ter used in connection with photometer and reflectometer. 
Right center: Source of diffuse light for transmission mea 
surements of atmospheric indicators. Top frame is fitted 
with special jig that receives test plate holders. Holder 
parts (resting against supporting legs of sphere) accu- 
rately center test plates, prevent loss of dust by contact 
with reflectormeter. Right: Baumgartner refiectometer 
with special frame for bracing instrument during measure. 
ments of ceiling reflectance. 


d) with louvers or enclosures, where employed, removed and 
with the lamps and remaining portions of the fixtures 
thoroughly washed 
with the fixtures intact and with all eomponents thor 


oughly washed 


Results 


The problem of maintaining a constant ambient 
temperature was fairly well met even though the 
test period lasted a full vear and ventilation or the 
adjustment of steam radiators were the only meth 


oils of temperature control Windows were opened 


TABLE II. 


Figure 3. Each atmospheric indicator is 4” x 4”. Each set 

consists of panels of (left to right) white synthetic 

enamel on steel, anodized aluminum, smooth diffuse acrylic 

plastic, sandblasted clear acrylic plastic, and sandblasted 

Alba-lite glass. Three sets are supported on a rod frame 
from the picture molding in each test office. 


at times to keep offices from reaching excessive tem- 
peratures, but were generally closed during test 
periods. The light output of fluorescent lamps is, of 
course, affected by drafts as well as by the ambient 
temperature. The maximum range of temperature 
was from 76° to 92°; the average was 82.7". Some 
§3 per cent of the tests were conducted at tempera- 
tures within 5° of this value. For initial and final 
test conditions, at which times the most important 
data were obtained, the average temperature was 
83.5 and 9S per cent of the tests were made at 
temperatures within 5° of the average. 

HHlumination maintenance results are shown in 
Data for 


office No. 4 were not included in the determination 


Fig. 4 for the thirteen offices studied 


of average maintenance values nor in’ further 


Summary of Maintenance Values After Twelve Months. 


Maintenance Values 


Office Lamp Lumens Total Dirt 


hi alistia Vainte nance Factor 


Lamp Dirt 


M, M,, M 
Refi Dirt Louver Dirt Fixture Dirt Room Surfaces 
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Figure 4. The overall depreciation or maintenance of rangements of lamps and fixture components, described 
each lighting system is compered with the average for all Table I. 
offices except #4. Schematic cross-sections show the ar 


analyses of data. The initial survey of this office Standardized lamp-lumens for the estimated 
has been reported previously. It was made four hours of use are shown in Table TL and were used 
months prior to the start of this more comprehen in ealeulations of other factors. Tn spite of mans 
sive study and the test period did not comeide with preeautions, test results were not sufficiently con 
that for the other offices sistent with standardized data to warrant) their 

Table LL represents a summary of maintenance use. Although standardized data did not reflect the 
values. It is emphasized that results are presented variations due to differences among lamps and in 
as marmtenanee Values and not as depreciation data the use of the test offiees, nor those due to changes 
values in’ ballast performanee, they were more aecurate 
field-test condi 


The product) of individual maintenance 
vields the total or overall result which is associated than the results obtaimed under 
with the value customarily identified as mainte tions. Maintenance values shown in Table TL were 


naner factor obtarmed for each oftice as follows: 
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TABLE Ill 


Office Values 


Month of Test 


‘Ratio 
®KRatio o 


(1) 

Maintenance of the system due to all 
factors of depreciation 

S Hluimination at end of test with fix- 


tures intact and with accumulated 


dirt 
initially 
(2) 
where My, Lumen maintenance of the lamps 


Values were obtained with this equa- 


tion and from standardized lamp 
lumen maintenance data 

P’,, Relative output of lamps initially 

Relative output of lamps at end of 


test. 
(33) V, 


Maintenance of the system due to all 
dirt aceumulation (and surface de 


factors 


terporation 


Maintenance of the system due to dirt 


where WM, 


on the lamps 

S, Hlumination at end of test with lou 
vers and enclosures, where employed, 
removed and with accumulated dirt. 
(For fixtures without louvers or en 
closures, the faetor S, is used in equa 
tion 4B 

SN Hlumination at end of test with lou 
vers and enclosures, where employed, 

washed 


removed and with lamps 


(This survey was also made for fix 


tures without louvers or enclosures 


Realistic Maintenance Factors 


Correlation Between Maintenance of Lighting Systems and Maintenance of Certain Indicators. 


Octting-Tuttle 


Values 
Month of Test 
4 


3 


(OB V S,/S 


where WM Maintenance of the system due to dirt 

on the fixed or attached portions of 

the fixtures. (Side panels in place 
unless part of the louver assembly. ) 

Hlumination at end of test with lou- 
vers and enelosures, where employed, 
removed and with lamps and remain 
ing portions of the fixtures washed. 

Equation 5B applies for fixtures 
without louvers or enclosures 

— Ihumination at end of test with fix- 

components 


tures intact and all 


washed. 


M, = 


vhere WM, = Maintenance of the system due to dirt 
on the louvers or enclosures of the 
fixture. (For fixtures without louvers 
or enclosures, the factor VW, indicates 
maintenance of the svstem due to dirt 


on the fixture 
i 


where W,, — Maintenance of the system due to dirt 


on the lamps and fixture components 


(8) 


where MW. Maintenance of the system due to dirt 
on or the deterioration of room sur 
faces. (Permanent deterioration of 
fixture surfaces would be reflected in 


this factor, too. 


Maintenance values (m,) for the five types and 
three positions of atmospheric indicators were eal- 


culated in terms of per cent of initial reflectance 


ILLUMINATING ENGINEERING 


1 2 3 4 5 8 12 ! 2 5 8 12 
! ! 7 7 16 140% 1.02 102 1.02 1.09 
| MW to m, for diffuse gla ind diffuse plast indicators in herizental position 
to m, for diffuse glass and diffuse th ndicators in 4 oping p thon 
5A MW.=S./Se 
or 
‘ 
(4A) M,.=8,/8 
or 
oar 
. 


and, where applicable, transmittance. These values 
were compared with those of Woand My for each 
office. The best correlations (r and ry) were ob- 
tained with transmittance measurements of the 
diffuse glass and diffuse plastic indicators. These 
two materials maintained so nearly identically that 
their values were averaged and applied as a single 
factor. 


Correlation ratios are shown in Table TIT. On 


the average, the maintenance of the horizontal 


indicators was about the same as the WV or overall =. hy ra hy 
2 9 


maintenance values of the associated lighting sys 


tem. The indicators in the 45° position matched 


the WM, values even more closely. On the basis of Figure 5. Fixture types have been grouped according to 
this near-unity correlation and with the assump their M,, values under the average atmospheric condi 
tions of this test. A seeming correlation between main 
tenance values and suspension distance from the ceiling 
may be coincidental but is recorded for future considera. 
tions in atmospheric conditions, system maintenance tion. 


tion that differences in the maintenance values of 


the 45° indicators were proportional to the varia 


values were adjusted to a common “average” at 
mospherie condition as follows 

of MW,, W., and M, to minimize errors due to 
(9 Mg rounding-off the component values. The mainte 
where “a Average of the ut values and nance values obtained for average atmospheric 
where the prime values have the same definitions conditions are summarized in Table IV. F ee 
. > are grouped according to Wy, values or their sus 
as previously but apply for a common, ce eae ae 
average atmospheric condition ceptibility to dirt depreciation in Fig. 5 
(10 Analyses of Results 
(11 
(12 
(13 
(14 
(15 


The accuracy of field survey data such as ob 
tained in this study is always open to question. To 
obtain accuracies within one per cent, lamp-stand 
ardization laboratories resort. to complete air con 
ditioning of test rooms, the use of large integrating 
Considering the overall adjustment ratio m,/m, spheres, and the use of precision instruments which 
as the product of four equally-weighted adjust are calibrated frequently. A goal of two per cent 
ments in VW, V,, WV, and W., the individual adjust. is common for the more precise fixture laboratories 
ments were then made in proportion to the fourth and 10 per cent is frequently held as wood for field 
root of the ratio. The value of W'., was determined results. 


as the ratio of MW, to W’. rather than as the product Since the experimental lamp-limen maintenance 


TABLE iV.—-Summary of Maintenance Values Adjusted to Average Atmospheric Conditions After Twelve Months. 


Maintenance Values 
Office Atmosph Ratio Total Dirt Lamp Dirt Refi. Dirt Louver Dirt Room Surfaces Fixture Dirt 


IThis unit is enclosed, not louvered 
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MAINTENANCE VALVE 


Fi 


MONTH OF TEST 
Figure 6. Transmittance of the horizontal diffuse glass 
and diffuse plastic indicators in each office were averaged 
and plotted as m, in per cent of the initial value. With 
but few exceptions, the relative positions of the individ 
ual curves remain about the same during the entire period 
of the test. 


3 
AA 


VALUE 


MA NANCE 


? 


MONTH OF TEST 


Figure 7. The m, values for the 45 
plastic indicators in each test office. 


diffuse glass and 


results averaged five per cent higher than stand 
ardized data, they were rejected. Individual room 
values were as much as 9% per cent higher than 
standardized; none was lower The purposerof field 
photometry, of course, was to determine individual 
lamp performance in the test fixtures and under 
test conditions. Results were not sufficiently eon 


sistent with standardized data, however, to be 


acceptable This was in spite of refinements over 
previous techniques and careful analyses of results 
Most other efforts to 


prope rly 


to locate the sources of error 

photometer lamps outside of equipped 
and controlled laboratories have also ended in 
Lamp-photometry experts em 


The tech 


niques remaining for the field engineers are to have 


unreliable results 


phatically discourage all such attempts 


the lamps photometered qualified laboratory 
or to measure time of use and apply standardized 
lamp-lumen maintenanee factors. The best) com 
promise for reasonable effort: and accuracy is: te 
photometer the lamps in a laboratory mitially and 
to apply standardized lnmen-maintenance factors 


on the basis of accurately measured burning hours 
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The eight maintenance values of 1.00 or more in 
Table Il (there are ten in Table IV) 
of imaceuracies among the test data. In a few 


vive ey idence 


instanees, they result) from “rounding-off” com- 


ponent data. It should be noted that they occur 
only in those categories which consistently show 
very high maintenance values where errors of 
only a few per cent are likely to be detected. A 
look at the design of the fixtures involved is reas- 


In Table I], the W, 


for an enclosed unit; the W, value of 1.00 is accom- 


suring value of 1.00 oecurs 
panied by five values of .99 for the units most simi- 
lar in design; and the three VW, values of 1.00 are 
The MV, value of 1.02 for 


office No. 5 is the most obvious test-data error: the 


for “baftle-ts pe” louvers 


louver, however, is of the simple baffle type and of 
only 25> lengthwise shielding. The error is not 
likely to be more than 3 to 4 per cent. Similar 
errors ay be represented in other data which are 
not subjeet to such close scrutiny. The use of high 
precision, field-type instruments, frequent ealibra- 
tion and carefully conducted surveys has probably 
resulted in Hlumination data of better than five per 
COME 

Of the ten values in Table LV which are 1.00 or 
factors in Table Il 
Adjusting to average atmos- 


more, five correspond with 
whieh were also high 
pherie conditions raised five values to 1.00 or more 
and dropped two that had been. The percentages 
involved in these adjustments can be seen either as 
ratio in Table TV or as the deviation- 
in Table V. The 


latter showed the adjustments to be well within the 


the we, om 


from-average values of m, (45 


weeuraes expected of tield Tests and close to the 
estimated accuracy of ¢ndividual illumination sur- 
Would ad- 


justments of maintenance values in the ratio of m, 


vevs. pertinent question then was: 


to m, be significant ? 

Several considerations supported the propriety 
of making the adjustments. Individual maintenance 
data were compared graphically with the associated 
average data to eliminate data points in obvious 
error. For instance, monthly m, values for the in- 
diceators were plotted and compared with the aver- 


ave for all the offices. Points which were incon- 


TABLE V..-_Maximum Deviations of Individual Values 
from Average for Several Maintenance Quantities. 


Month 
12 


Per Cent Deviation from Average 


ILLUMINATING ENGINEERING 


| 
— | | | | | | | 
= = 
. ~ ; 
| | 
| | 
| | 
> 
| | t } 
| 
> 
| | 
Value 4 
‘ 


sistent with the trends of the individual and aver- 
age curves were noted and, if initial values, were 
modified. In this way, undue weighting of the 
initial test data was avoided. Similar adjustments 
in the twelfth-month indicator maintenance values 
might also have been made, Because none of the 
adjustments would have changed the grouping of 
the units in Fig. 5, twelfth-month values were not 
changed and the actual data relationships were 
preserved in Figs. 6 and 7. These show the indi- 
vidual room indicator trends. The tendeney of the 
maintenance values to remain in consistent rela- 
tionship, one to another, helped justify making the 
atmospheric adjustments in the ratio of my, my. 

After one year, the highest indicator mainte- 
nance value is 110 per cent of the lowest: which 
might suggest a ten per cent variation in atmos 
pherie conditions. However, depreciation values 
are more indicative of the amount of dirt in the 
atmosphere and, on this basis, the maximum depre- 
ciation was 167 per cent of the minimum. 

The building in which these tests were conducted 
is not closely associated with a factory but is located 
on the brow of a hill overlooking concentrated 
industrial areas. The direction of the prevailing 
wind is across these factories toward the building. 
No positive correlation between the exposure of the 
offices to this wind direction and the indicator 
maintenance values was discovered. Further tests 
are needed to ascertain how closely the conditions 
in the offices are representative of those in all 
offices, schools, stores and industrial plants 

The values of ry were nearly unity throughout 
the first eight months. (See Table TIL.) The in 
ereases in the twelfth month caused a thorough 
examination of instruments and data. No experi 
mental errors were diseevered. Next the theory 
that transmitting materials show exponential losses 
of transmittance due to dirt accumulation was con 
sidered* While system maintenance quantities con 
tinned to follow established exponential funetions, 
indicator maintenance did not. Average trends for 
the horizontal and 45) indicators are plotted in Fig 
S. The expected exponential characteristics were in 
evidence through the first four or five months 
Eighth-month data of themselves did not seem te 
depart appreciably but, in combination with the 
twelfth-month values, they developed a drop in the 
maintenance curves, These unexpected results were 
not interpreted as discrediting the value of the 
indicators nor the theory that they maintain expo 
nentially over a longer period of time. The results 
may just as well establish that these indicators are 
reliable and respond to changing and differing dirt 
conditions in spite of the facet that the Wy values 


did not reflect as marked a shift In maintenance 
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Figure 8. Data for curve M represent the average of the 
total maintenance values for all twelve lighting systems. 
It is clearly exponential in form. The dashed curves, 
fitted to average indicator maintenance (m,) for the first 
five months, show similar characteristics. Later data 
altered these trends appreciably and final estimates of 
indicator maintenance functions are shown by the solid 
line curves. Over the test period of one year, indicator 
maintenance data approximated linear functions with 
slopes of about 2 per cent per month for the horizontal 
position and 1.5 per cent per month for the 45°. 


Results obtained for other indicator materials 
and positions and for room surface maintenance 
Were not consistent enough to be considered. Too 
limited a sampling of room surfaces coupled with 
slight depreciation and the difficulty of reflectome 
ter manipulation against walls and ceilings may 
account for the inconsistencies among the room 
measurements. Transferring the vertical indicators 
to the reflectometer in the laboratory undoubtedly 
caused a variable loss of dirt on these samples. A 
high degree of consisteney was indicated for the 
laboratory reflectometer” measurements, however, 
Reference samples were used for frequent compari 
son during the test period. The diffuse glass and 
plastic samples which were washed after the test 
averaged 98.6 per cent of initial transmittance 
Since the plastic averaged 99.1 and the glass 98.0, 
the difference is taken as indicating instrumenta 
tion accuracy rather than any deterioration of the 
materials. An accuracy of better than five per cent 
is Indicated 

In contrast to the apparent accuracy of data in 
this study are the results of typieal “before and 
after” surveys as represented in’ Table VIL These 
data were obtained when the offices were prepared 
for testing. All fixtures were washed and relamped 
while some of the walls and ceilings were painted 
or washed. Although some installations were more 
recent than others, most had been in serviee for 
more than a year and all were operating under 


uniform conditions of maintenance. The inereases 
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Illumination Before and After Initial 
Maintenance. 


TABLE VI. 


Per Cent Reflectance IMumination —Footcandies 


Before After 
Per Cent 
Ceiling Betore After increase 


Office Walls Walls 


2636 6782 4952 625 79.9 27.2 
“064 Same as before 27.5 
san before 68.5 224 

Same as before* ” ‘ 

7e it an sina 4.2 

il ‘ ‘ as befor | 42 
Same as before * 1 
i 2459 2 7¢ Same as before Of 
*(iffices 2. 10, 12, and 13 were pot washed or repainted 


** Acoustical tile 


in tttmination ranged from 4.2 to O13 per cent 
This wide spread emphasizes the impracticability 


of establishing realistic maintenance factors upon 


the results of casual before and after sur veys More 


thorough control or at least knowledge of condi 
tions is needed, 

This study of lighting maintenance was predi 
vated on the need for careful measurements and 
for the control of as many variables as possible. 
The diffuse 


lass and plastic indicators gave more consistent 


All in all, the results seem = realistic 


and more nearly direct correlation results” than 
hoped for There is promise that transmitting in 
dieators of 50-60 per cent transmittance in horizon 
tal or 45 


fairly reliable index of atmospheric conditions and 


positions will, in 30 to GO days, give a 


lighting maintenance. Consolidation of tndividual 


test results will vield data broadly representative 


“My 
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Figure 9. The average curve of total maintenance values 

(M) of all twelve systems is repeated here from Fig. 8. 

It is extrapolated for an additional six months. Average 

lamp-lumen (M,,) and total dirt (M,) maintenance curves 

are identical under the conditions of this test. The de 

grees to which individual rooms departed from average 
are shown in Table V. 
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of the different types of systems, areas, activities 
and geographical locations encountered in general 
Lyehting practice. Probable deviations from aver- 
age conditions could also be predicted. 

Fig. 9 is a step in the direction of developing 
average but realistic maintenance data. Although 
the use of more specific information, such as con- 
tained in Fig. 4 and Table LV, is recommended, it 
will not always be available nor properly employed. 
Maximum and minimum maintenance values for 
individual systems are listed in Table V in per cent 
of the averages shown in Fig. 9. 

For the dirt conditions, lamps and fixtures of 
this test, lamp-lumen and dirt depreciations caused 
about equal illumination losses. Washing fixtures 
at intervals that are shorter than lamp life would 
make lamp-limen maintenance the more important 
quantity in overall maintenance. If the washing 
were done annually, the maintenance factor com- 
ponent due to dirt would be about the mean value 
of My in Fig. 9. That due to lamp depreciation 
would continue to drop the longer the lamps were 
left in service. The practical way to minimize 
losses due to dirt is to wash fixtures. Certain im- 
provements in washing techniques either encoun- 
tered or developed during this test are summarized 
in Fig. 10. Reference to Table TV will show, for 
each fixture type, just where maintenance efforts 
should be placed on washing lamps, reflectors, 
louvers or enclosures. To minimize losses due to 
lamp depreciation, lamps with high lumen mainte 
Hance must be used and simplified, group-replace- 
ment of lamps should be adopted. The frequency 
of lamp replacement as well as washing must be 
determined from an analysis of the costs and the 
benefits which are peculiar to each installation. 

These tests were aimed at providing data for 
They have 


more realistic maintenance factors 


established a sound, partial foundation. The base 
is not complete. Varied as atmospheric conditions 
were, further investigations of this factor are neces- 
sary. Varied as the fixture types were, more com- 
prehensive samplings of basic types are needed 
For instance, the exploration of variations in trof- 
fer types alone would constitute a full study. 
These tests have also outlined a workable proce- 
Thev indicate how 


dure for maintenance studies 
further tests may be simplified but also highlight 
areas in which the greatest care and control should 
he exercised. In the direction of simplification, the 
LES. survey method was found to be practicable. 
It vielded results on the average that were 6 per 
cent higher than the area survey method, but the 
correlation did not shift with depreciation of the 
systems. Although all measurements in such studies 


warrant careful attention, those relating to lamp- 


ILLUMINATING ENGINEFRING 


| 


Figure 10. The maintenance techniques presented were developed both coincidentally with the test and in consultation 
with M. E. Mitchell, Mitchell Maintenance Company, Muncie, Indiana. A--When cleaning the inside of a reflector, two 
sponges--one a wash and the other a rinse-—will often save time if the fixture is rigidly attached to the ceiling. A sep- 
arate bucket and single sponge is best used on the top of the channel where large amounts of dirt will accumulate. B 

The cleaning of the area around the lampholders is aided by the use of a 2” paintbrush. The wash solution is first 
brushed on, then the rinse, and the ends are allowed to drip dry. C Operator grasps wash sponge in left hand, braces 
lamp on knee and, starting at upper end of lamp, moves to bottom. Wash sponge is immediately followed by rinse sponge 
in right hand. As the operator reaches lower end of lamp with wash sponge he drops it, takes rag from pocket, grasping 
upper end of lamp with it, and places it in lampholder. Purpose of rag is to provide necessary friction to turn lamp in 
preheat lampholders rather than any drying action. D-—By filling the bucket only ', to *» full, room is provided for a 
one-hand squeeze against side of bucket. Heavy buckets should be used for this operation or foot should be braced 
against side of bucket. E--Excess water may be stripped quickly from a brush by hitting it angularly against side of 
bucket instead of carefully moving each side of brush over edge of bucket. F, G In all maintenance operations the 
equipment used must be chosen with the fixture to be cleaned in mind. Time-saving equipment on one luminaire may slow 
the operator on another. Demonstrated here are two louver cleaning techniques -one with a sponge, the other a brush. 
The motion with the brush is obvious. With the sponge, the man moves from side nearest buckets toward himself, clean 
ing inside edges of both louver blades, up over the V, down the other side and out. He then repeats the motion but 
starts it on the side nearest himself, thereby saving the time otherwise used to move his arm back to the side nearest the 

buckets. 


lumen and room maintenance are of particular and VandenBoom of the Nela Park Application 


concern, At least with the equations developed in Engineering Department for helpful guidance, and 


this study, the values for these two factors are to Messrs. Phillips, Hart, Cox, Miller, Lott, Dobras, 


interdependent. A recommended addition to in Mackay and Thurman, engineers in training, for 
strumentation would be timers to record the total long hours of assistance in compiling the data for 


hours of system usage this test. 
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DISCUSSION 


(i. M. Marks’ \ny contribution to the question of main 
tenance is good. This eontribution to the subject is ex 
tremely valualbele There bas been much discussion as to 
what oceurs in our design before a lighting system is in 
stalled, but far too littl on what oeeurs after a lighting 
eystem is in operation, There is a need for more practical 
papers of this type and members of the Society might do 
well to take up the offer of the authors to assist in the 
setting up of tests such as these. We must be able to tell 
the user of lighting equipment precisely what will happen to 
his lighting system after it is in operation, in addition to 
heing able to prediet accurately what will happen when the 
system is first installed! 

While the subjeet of realistic maintenanee is being dis 
cussed, T would like te injeet my own feelings. Probably in 
light of my experience with industrial and commercial users, 
it might be wise to talk of realistic non maintenance factors 

As we are aware, and as is pointed out by the authors, 
there are two major enuses of depreciation: the lamp lumen 
depreciation and the dirt accumulation, My feeling is to 
attempt to eliminate one of these major enauses from our 
talk on maintenance factors 

In this paper, | feel we have a valuable contribution to 
what T advocate. The paper points out that the mean lumen 
output of all lamps in an installation is the lumen output at 
i) per cent of rated life although this study applies to the 
Hiwatt lamp, similar studies could produes similar data on 
other lunipes Why not publish this figure along with the 
initial figure, and then use it in our lighting enleulations? 

We then eould determine a dirt depreciation factor fol 
lowing the methods outlined in this paper, and through 


*blectri 


other tests and methods previously used. A variety of tests 
on a Variety of materials and under a variety of conditions 
could be used to determine these dirt depreciation factors. 
I understand the Lighting Maintenance Committee of L.E.S. 
is developing a Dirt-O Meter to make tests to determine 
the light loss due to dirt. 

This dirt depreciation factor could then be applied to our 
lighting ealeulations in combination with the mean lumen 
output of the lamp. In this manner we should be able to 
develop more realistic maintenance faetors which should 
result in greater accuracy in our overall caleulations and 


greater user satisfaction. 


R. L. Oerring and J. W. Turtie*: There have been a 
number of proposals to separate the present “maintenance 
factor” into its component parts. The obfectives have been 
to simplify ilumination ealeulations, to inerease their aceu- 
racy, and to dramatize the independence of the factors in- 
volved. Mr. Marks’ current proposals suggest that the mat 
ter may be due for review again. 

Such a review must not only investigate the desirability 
of new definitions and values but also the likelihood of uni 
versal adoption. Without full support, which would include 
adequate promotion and edueation, widespread confusion 
would result. Certainly, the type of depreciation data de 
veloped in this study is more readily applied to a separate 
dirt depreciation factor than to the traditional combination 
known as the “maintenance factor.” 

Mean lumen values have been published for some time 
for incandescent lamps and an inereasing amount of data 
is available for fluorescent. Fluoreseent lamps are long life 
sourees and it takes a long time to obtain realistic, measur 
able data. It is necessary to complete life testing before 
limen maintenance characteristies ean be fully determined. 

Another complication is the increasing use of simplified 
lamp replacement programs in which consumers are replae 
ing lamps in large groups at 50-80 per cent of rated life. 
This, of course, requires that mean lumen values be pub 
lished for the several terminal points as well as for full 
rated life 


lished lumen depreciation curves from which data can be 


For this reason, some manufacturers have pub 


seleeted 
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The June issue of ILLUMINATING ENGINEER- 
ING Will be especially devoted to School Light- 
ing. a subject of vital interest to evervone in 
the lighting field these days. [f your tnterests 


remotely include this vital lighting subjeet, 


Special School Lighting Issue 


vou'll not only want to dig into this issue 


right away, but keep it handy for ready 


future reference. 
Wateh for this special issue of ILLUMINA 


ING ENGINEERING in June 
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Overhead Canopy Modernizes Y.M.C.A. 


ODERN LIGHTING for an old building is 
frequently the lighting engineer’s most in 
teresting challenge. The Syracuse Y.M.C.A.., 
like many such buildings all over the country, is 
anything but brand new. Professional consultation 
on the lighting of its registration desk, however, 
has introduced a modern note of comfort and at- 
tractiveness. The installation described replaced a 
previous gloomy arrangement of two table lamps 


C——_sSINGLE LAMP, w Ti2 
COOL WHITE LAMPS. STRIPLIGHTS 
MOUNTED TO CANOPY CEILING. a 
TOTAL UNITS - 20. 
MAINTAINED ILLUMINATION AT 
COUNTER TOP 50-55 FT-C 
CANOPY MOUNTING 48" 
INSIDE OF CANOPY PAINTED 
FLAT WHITE 


GLASS INSERTS. LIGHT 
THE MAILING RACK TO 
APPROX. I8 FT-C VERTICAL 


LOBBY SIDE 
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with 100-watt lamps, and bad brightness contrasts 
from a black desk. 

The canopy over the desk, having the same di- 
mensions as the base counter, now serves as one 
large lighting unit, providing high level (50 to 55 
ft-e) with very comfortable brightness ratios. 
Twenty 15-watt fluorescent strips are installed in 
the arrangement shown in the drawing, mounted & 
inches above flashed opal glass panels. The glass is 
approximately & inches above the counter top. 
Fifteen-watt T-12 cool white lamps were suggested 
(a) for their lower surface brightness (as compared 
to low TeS) and (b) one or two lamp failures 
would not seriously interfere with the lighting be 
fore replacement, as could be the case with 40-watt 
types 

The mail rack at the back of the area is also illu 
ininated to approximately TS vertical footeandles, 
by means of flashed opal glass inserts installed in 
the back vertical surfaces of the canopy. Interior 
surfaces of the canopy are painted high reflectance 
white. All glass panels are easily removed by tilt 
ing upward and sliding out, but otherwise cannot 
fall or loosen, 

Glass surface brightness varies from 135 to 
footlamberts. Counter top is of a coral color stain 
less composition; vertical surfaces of the canopy 


and counter are sand gras 
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An Improved Sphere Paint 


N 1990 MIESCHIER and Rometsch' reported a 

very high and uniform reflectance for plates of 

compressed barium sulphate, either alone or 
with gelatine as a binder, and suggested its use as 
a standard of whiteness. In this laboratory we 
attempted to reproduce their results, following 
their very clear and detailed instructions with the 
vreatest care, but in’ several attempts we were 
unable to obtain nearly as good a white as they 
Clann to have produced, even without the welatine 
Our best result, by an absolute method due te 
Tar lor 


recording 


and confirmed by direct comparison in a 
spectrophotometer, showed the com 
pressed BaSO, to be somewhat vellower than mag 
nesium oxide, its absolute reflectance being mea 
sured as O963 at O4Ap, and O.9S9 at OF Tt is, 
of course, possible that our preparation was in some 
way at fault, but at least it can safely be stated that 
the use of bartum sulphate as a standard white 
seems too diffienlt a procedure for ordinary use 

It was noted that the reflectance at the red end 
of the speetrum is higher than that of magnesium 
oxide” and indeed higher than that of any other 
substance known to us. At the same time, it had 
come to our attention that a svuthetie substance ts 
readily available with physical properties rather 
like those of gelatine, but apparently entirely color 
less, and we had tried this as a substitute for ela 
tine in making some of the compressed plates of 
BaSO,. The substance question is) carboxy 
methy cellulose, often called C 
One om of a one 


and used in 
industry as a protective colloid 
per cent solution in distilled water is almost com 
pletely clear throughout the visible spectrum, its 
transmittaney decreasing slowly through the ultra 
violet and becoming small at about O22, 

It occurred tous that a water paint with BaSo, 
as a pigment and CLOMLC. as a binder might have 
inferesting properties 

Four samples were made up, varving ino their 
concentration of from o tod 
gm per gm of BaSO,, the being the 
erade. The 
the greater the durability of 


‘medium viseositv” evreater the eon 
centration of 


the paint, the creater the gloss, and the lower the 


tn Improved Sphere Paint 


Viddle fon Nande rs 


By W. E. KNOWLES MIDDLETON 
C. L. SANDERS 


reflectance. A concentration of 10% gms gm was 
adopted as a satisfactory compromise between the 
various requirements. This produces a paint which 
adheres well to many surtaces and shows consider- 
able resistance to abrasion, and at the same time is 
less glossy than magnesium oxide. Fig. 1 shows 
yoniophotometrie curves for the new paint and for 
MeQ, with angles of incidence 0°, 45°, and 60°, 
The paint surface was prepared by spraying, and 
these curves might not apply to a brushed surface. 

The absolute spectral reflectance of a surface 
covered by seven coats of the BaSO,-C.M.C. paint 
was measured in the wavelength range 0.25 <A 

2.24 by the method of Preston’ as modified in 
this laboratory.) The results are shown in Fig. 2, 
together with similar data for a magnesium oxide 
surface one day old and (in the visible spectrum) 
for a surface covered by five coats of a commercial 
sphere paint used by many photometric laboratories 
on this continent. 

The absorption bands at 14 and 1.9%, are almost 
certainly due to water bound by the C.M.C. To 
determine whether changes in relative humidity 
affect the results, the measurements were repeated 

1) after keeping the surface for 6S hours in air 
dried over P2O;, and then (2) after exposure to a 
nearly saturated atmosphere for 24 hours. The 
three curves were identical to within the precision 
of the measurements, and we may consider the 


paint unaffeeted by changes in humidity. For two 


Figure 1. Goniophotometric curves for BaSO, -C.M.C. 
paint (full lines) and MgO (broken lines). The arrows 
show the angles of incidence. 
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ac > + 4 
-— — — MAGNESIUM OXIDE 
8oS0,- CMC PAINT 
— — COMMERCIAL “SPHERE” PAINT 


Figure 2. Absolute reflectance of 
MgO, BaSO,-C.M.C. paint, and a 
commercial sphere paint. The 
BaSO,-C.M.C. paint had 10 gm 
C.M.C. to each gm BaSO,. 


or three days after the last coat is applied, how- 
ever, the reflectance rises slowly even in the visible, 
presumably because of the loss of free water. 
Daylight has little effect on the color of this 
paint. Exposure for 33 days in a west window in 
summer raised the reflectance slightly, especially in 
the blue, while storage in the dark for a similar 
period raised it a very little in the red. The inte 
vrated reflectance Yo and chromaticity co-ordinates 
yo and y deduced from these measurements are 


shown in Table I 


TABLE I.--Effect of Light and of Darkness on 
BaSO,-C.M.C, Paint. 


Co-ordinates based on illumination by C.1.E. Source “A 


Condition Y x Vv 
One day old save 407 
After da iv est oa 
After da in O4AATT 0.407% 


The effect of high temperatures has not) been 
determined; but Preston’s method as we use it con 
centrates a large amount of energy on a small area 
of the sphere wall, and no progressive change due 
to this has been discovered 

All the measurements so far reported were made 
on paint prepared from specially purified BasSo, 
The ordinary USP barium sulphate. which is exten 


sively used by radiologists, costs about one tenth as 


much as the reavent grade. Similar measurements 


Figure 3. Portion of the C.I.E. chroma 
ticity diagram, showing the Planckian 

locus with the chromaticity of C.IL.E. e,, 
Source “A” marked, lines of correlated 
color temperature, and the chromaticity 
of light from Source “A” emerging 
from spheres lined with various mate 
The values are calculated. 


rials. 
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were therefore made on a surface covered with 
seven coats of paint prepared from this cheaper 
material. The results were very similar, the abso- 
lute reflectance of one sample made from USP 
barium sulphate even being about one per cent 
higher than that of the original sample referred to 
in Fig. 2. We may conclude that the USP grade is 
perfectly satisfactory for the purpose, and that a 
relatively inexpensive paint for large integrating 
spheres may be prepared in this way. The reason 
for the higher reflectance of the paint made from 
the USP barium sulphate is not known 

The suitability of this paint for integrating 
spheres was further tested by painting a sphere one 
meter in diameter and operating a S0O0-watt lamp 
at its center for several hours each day (turning it 
off each night). The ratio of the luminance of the 


sphere wall at a point shaded from the lamp to the , 


extra luminance at an unshaded point is approxi 
mately proportional to r (l-r). This ratio was 
measured at intervals with a precision photoelectrie 
photometer After the first 12 hours operation 
there was no further significant change during the 
time the lamp was burning and none between 
evening and morning 

As may be deduced from Table I, the surface is 
very nearly white; indeed the difference in chro- 


maticity between the values in the Table and CLE. 
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Source “A's less than a third of the standard 
deviation of color matehing as given by Mae Adam 

When such a paint is used in an integrating sphere 
however, it 


auses the sphere to act as if it were a 


filter of speetral transmittance 
r r l 


us tar as emerging trom the sphere is fon 
cerned (7 Kor materials 


through the 


spectral reflectance 
of high reflectance any variation in r 
spectrum has a vreatly magnified effect on the color 
of the emerging light, so that the measurement of 
this color affords a sensitive cheek on the precision 
of measurements of specular retleetance. [It is, of 
course, necessary to use absolute values of reflect 
ance in performing the calculation 

kor several substances the correlated color-tem 
perature” was measured visually and found to agree 
well with the chromaticity caleulated by means of 
equation (1), making allowance for the fact that 
the heht emerging from the sphere was always on 
the green side of the Planckian locus. Fig. 3 shows 
the calculated chromaticities, and also that of source 
“A” Tt would seem that the BaSO,-C MLC. paint, 
prepared from USP barium sulphate, is a somewhat 
better coating for the inside of an integrating 
sphere than even MgO, and much better than the 


*This is for heht projected into the sphere For light from a lamp 


within the sphere the formula hecomes fy ry ry 


available We do net 


know why the USP product raises the eolor-tem 


sphere paint commercially 
perature of the light, while the more expensive 
vrades lower it Electron microscope photographs 
of the powders show that the USP may have a 
slightly lower range of particle sizes, but the dif 
ference is not marked 

It would seem that the addition of a very small 
amount of some purplish pigment might make the 
USP barium sulphate exactly neutral, but in view 
of the results of Miescher and Rometseh' on the 
minute amounts of 
too tricky 


result of adding extremely 
black, the procedure would probably be 
for practical use. 

In preliminary experiments we tried magnesium 
oxide and carboxy-methyl-cellulose with very un- 
satisfactory results. It is) suspected that the 


Me (Ol 
binder in some way. 


produced by hyvdroly sis reacts with the 


References 


1 Miescher, WK and Rometsch, BR Erperientia, Vol. 6, p. 302 

2. Taylor, A. fi 

p. 
Middleton, W. EF. K., and Sander, L 

Nacvwety of Ameriva, Vol. 41, p. 419 (1951) 


Journal of the Optical Society of America Vol. 4 
Journal of the Optical 


Preston, JS Transactions of the Optical Society (London) 
Vol. 31, p. 15 (1929-30) 

5 MacrAdam, BD. L Journal of the Optical Society of America 
Vol. 32, p. 247 (1942) and Vol. 33, p. 18 (1945 

Judd, Db. B 
p. 421 (1956) 


Journal of the Optical Society of America, Vol. 2¢ 


Staggered Side-Lighting 
In a Long Hallway 


Rather than accent the length — 73 feet — of the hallway 
approach to the President's office of the Kroger Company, 
Cincinnati, by using a long row of lights down the center, 
it was decided to mount the luminaires at the joint of the 
wall and ceiling, staggered on 9-foot 3-inch centers. The 
2-lamp 40-watt fluorescent units, with white glass diffus- 
ing lenses, provide an average illumination of 16 foot- 
candles in the 30-inch plane. Ceiling height is 10 feet; 
hall width is 6 feet. Walls are gray; carpet, gray green; 
ceiling, white acoustic tile. Installation by R. W. Brown, 
Cincinnati Gas & Electric Company. 
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translucent medium in large area low 


HE 


brightness luminaires of the recessed or on- 


surface type is usually either plastic or glass, 


Which in most cases approaches perfect diffusion 


Of the two methods commonly used to predict the 


illumination performance, the lumen and inter- 


flection method, the former entails the usual co- 


(flicient of utilization tables and associated equa- 


tions. 


The Interflection method or its variations can be 


used by weighting the liminous area to the ceiling 


area to determine a_ fietitious average ceiling 


brightness and ealeulation carried out as a ceiling 


source, This can be done with a moderate amount 


of caleulation. third simplified method is de- 


seribed here for an approximation which has been 


found commercially accurate. If more accurate 


predictions are demanded, one of the foregoing 
methods may be used. 

Figure 1 shows a typical arrangement of lumi- 
nous areas. Ordinarily caleulations would have to 
be carried out for each luminaire type. In this case 
the brightness of each diffuser is the same, allowing 
all configurations to be handled in one equation 

The following method is developed under the 


asstinption that since the luminaire is totally di 
reflectances is materially lessened as compared to a 
luminaire with a large indirect component. Second, 


the ceiling area is assumed to be the same as the 


brightness is the same for each luminous geometri 


TABLE I.—-Luminous Area Factor. 


Simplified Illumination Calculations 
For Large Area Perfectly Diffused Luminaires 


rect, the effeet of varying ceiling, wall and floor 


floor area. A third initial assumption is that the 


By ROBERT D. BURNHAM 


cal square or rectangle. Following this assumption, 
it is obvious that the illumination is dependent 
upon the per cent of ceiling area made lhiminous, 
In Table | the luminous area factor represents 
the ratio of the luminous area required to the ceil 


ing area. Linear interpolation is allowed 


The Ceiling Percentage Formula 
(Same Brightnesses) 


Square Feet of Luminous Arca Factor 


Luminous Surface Needed Ceiling Arca 


(Equation 1) 


This table assumes a uniform diffuser brightness 
of approximately 500) footlamberts. For similar 
lighting equipment where the brightness of the 
luminous surface might vary from unit to unit, one 
more factor has been added. This has been called 
the Luminaire Factor, which is an adjusted lumi 
Hous area to compensate for the difference in 
brightness between luminaires. This is the same 


basic equation 


AX? 


Illumination Large Room Medium Room Small Room 
. 
1 
1 2 
Definition f re jin r and r 
trad terpre i lar i f t 
height i t height: and widt —— 
equa ! iby 
wee ot 
Arruok. F. W. Wakefield I ‘ \ n, ¢ Figure 1. A typical arrangement of luminous areas. 
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The Ceiling Percentage Formula 
(Varying Brightnesses) 


Luminous Area Kar for 


Number af Ceiling Area 


Luminaires Re quired Luminaire Factor 


(Kquation 2) 


TABLE II.-Luminous Area Factors. 


Iumination Large Room Medium Room Small Room 


io ‘ ou 
0 “7 114 
aD 


70 4 


Typical luminaire factors developed for this for 


mula are shown in Table HI 


TABLE III. Luminaire Factors 


Luminaire Luminaire 
with Diffuser Factor 


The luminous area factor tables were computed 


from equation Oo. This equation is derived from 


the two basic equations below: The ratio of A,toA 


8 tabulated as the luminous Area factor 


x N 
(Equation 3) 


XA, (Equation 4) 


Substituting Equation 4 in Equation 3 


Bis a constant 


Ay 
A 


is the luminous area factor, 


Equation 


Where F, Lamp lumens 
Ulumination in footeandles 
UF — Utilization factor 


A Room area 


Ditfuser brightness in footeandles 


N — Efficiency of luminaire 


Areaof luminous surface of luminaire. 


The simplification of these tables is based on the 


assumption that the effect of varying room reflect 


ances is negligible. With most types of intensity 
distributions this is net practical; however, in this 
particular case the maximum practical deviation 
from the lumen method is in the order of 10 per 
cent 

These tables have been used to caleulate the illu- 
mination level in existing installations and it ap- 
pears to be as accurate as theory predicts. This 
method allows the geometrical areas to be selected 
and arranged to suit the designer with a minimum 


of caleulation 
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New American Standard 
For Street and Highway Lighting 


The Soecietyv’s long awaited Ameriean Standard 
Practice for Street and Highway Lighting, first 
published in the August 1952 issue of ILLUMINATING 
ENGINEPRING, has been approved by the American 
Standards Association and has received final polishing 
and is now available in booklet form. In every way 
the latest information available on this serious and 
frequently tragie lighting problem, this Practice is 
the result of studies by the LES. Committee on 
Street and Highway Lighting sinee 1927, the last 
such Practice being published in 1047 

The new Standard Practice is $2 pages long, and 
is liberally illustrated with tables, charts and draw 
ings. The booklet is divided into seetions, such as: 
Classification of Streets and Highways; Classification 
of Luminaire Light Distributions; Design of Street 
and Highway Lighting; Situations Requiring Special 
Consideration Tables and drawings illustrate and 
furnish information for ready reference on each of 
these seetions, Appendices give background lighting 
information: Fundamental Aspeets of Roadway 
Lighting; Data on Luminaire Performance and Com 
putation; Typical Street Lighting Layouts; and 
Measurements, 

The new American Standard Praetice for Street 
and Highway Lighting represents a great step for 
ward in improved street lighting for America’s side 
streets as well as our superhighways. Lighting people 
concerned with this vital subjeet will find the new 
Practice a useful addition to their reference and field 
equipment. Copies may be ordered through the Publi 
eations Office, Iluminating Engineering Society, 1860 


Broadway, New York 23 
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Of Fluorescent Lamps 


N RECENT vears, increasing attention has been 
paid to the color-rendering properties of light 


sources; that is, how objects of various colors 


appear under them. Prior to the advent of the tluo- 


rescent lamp, the measure of the color of a light 


7 source also, to a large extent, specified its color- 


rendering properties. Such lamps were incandes- 


cent and as such had spectral energy distributions 
SED’s) similar to black-body radiators at rela- 


tively low color temperatures as modified by any 
filters which might be used in conjunction there- 
with. Therefore, the establishment of the color of a 


light source also established its spectral energy dis 


tribution, and thereby the appearance of colors 


under it. 


This is not the case with fluorescent lighting. 
These lamps make possible relatively high levels of 


illumination of almost any desired color and the 


large selection of usable phosphors also makes pos- 


sible considerably different spectral energy distri 


butions for any given color. This latter variable 


may give rise to a considerable change in the sub 


jective color of an object in going from an area 


lighted by one type of lamp toe one lighted by 


another. The most common example of this change 


is found in going from a room lighted by ineandes- 


cent lamps to one lighted by warm-white fluores 


cent. These lamps are a reasonably good color 


match but most deep reds will appear darker and 


graver under the fluorescent lamp due to the 


deficiency of the latter in far-red emission. By the 


same token, some greens and blues may appear 


lighter and more saturated by this change due to 


higher density of radiant flux from the fluorescent 


lamp in these regions. [t is this obvious change in 


colors, coupled with the advanced state of develop 


ment of the sciences of photometry and colorimetrs 


which has been largely responsible for the increased 


interest in color-rendition measurements 


The present study was undertaken by the authors 


as members of ” sub-committee on color of the 


American Standards Association’s C-78 Committee 


This paper is an extension of the data presented under the same 
tithe ind as Preprint Ne i hefore the 1950 National Techs ’ 


Conference of LES. at Pasadena. Calif 


AUTHORS Electric Products Ime Salem, Mass and 


National Bureau of Standards. Washington TD. ¢ respectivel 
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Specifcation of Color-Rendering Properties 


By CHARLES W. JEROME 
DEANE B. JUDD 


investigating this subject. The results reported 
herein are by no means the complete story but 
merely represent a start in the amassing of the 
large amount of data which will be necessary for 
the final solution of this problem. It is hoped that 
these data will serve to indicate the intricacies of 
this problem, and serve as a springboard for future 
investigations, 

As stated generically above, color-rendition of a 
light source is determined by the appearance of 
colors under it. This suggests that color rendition 
can be estimated by viewing objects of various 
colors under several light sourees and judging 
which source gives the best color-rendition. This 
method is unsatisfactory for four reasons: 

1. A random choice of test objects will usually not include 
those required for a eritieal test 

2. No eriterion is set up for the correet color of the test 
objects 

3. The comparison leads to a qualitative answer only; 
that is, no strictly quantitative measure can be made 

1. It is subjeet to personal preferences as to the appear 
ance of colors. These preferences are different for each 
individual, and may even be different for the same indi 


vidual at different times. 


Therefore, the first problem in this study is the 
establishment of a criterion for judging colors: in 
other words, setting up a standard light) source 
under which the true colors of samples can be de 
termined. Then the color-rendering properties of 
a test lamp can be judged on the basis of how 
nearly alike in color the same sample looks under 
it and under the standard 

Fluorescent lamps were first developed to have 
the same visual color as a black-body radiator at a 
particular temperature. This temperature became 
an integral part of the color nomenclature of these 
lamps, for example, KO00OK, Daylight ; 4500K White 

Cool Whites 3500K White: 3000K White (Warm 
White). Since these various “white” lamps differ 
widely in color, any object color will look different 
under one than under another. Consequently, a 
standard light source should be set up for each 
“white” fluorescent lamp 

In the rendition of colors, energy is emitted by 
the ilhiminating source and is refleeted or absorbed 


in varving proportions bv the test object depending 
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Spectral reflectance of a metameric pair of 
blue colors 


Figure la 
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Spectral reflectance of a metameric pair of 
green colors, 


Figure 1b 
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Spectral reflectance of a metameric pair of 
olive colors. 


Figure tc 


on the wavelength of the energy and spectral selec 
tivity of the object Then, for the color of the 


object to be properly rendered, the source must 
emit energy within every one of a set of 5 to 10 
wave bands in the visible spectrum in order that 
the selectivity of the test object in this band may 
properly alter the ineident energy to give rise to 
the proper color sensation. Broad bands are speci 


fied here because if ve ry narrow bands were used, 


eertain discontinuous sources that have been found 


bad Specification of Color-Rendering Properties 


TABLE I.--Spectral Reflectances of Three Pairs of 
Specimens Used To Test the Color-Rendering 
Of One Light Source Relative to Another. 


Wavelcagth 


mu! Biue Specimens Green Specimens Olive Specimens 


0419 O 1 0.066 
420 1 
aia 
40" 125 mt O39 or 
‘ 2 
71 132 054 055 
151 200 O85 050 
405 21 251 042 
! ( 270 117 o4 
251 277 274 22 093 O52 
2 22 247 252 O75 06s 
7 11 3 


to vive color rendition would be disqualified 


The best example of this is probably daylight itself 
wherein the Fraunhofer lines make this a discon 
tinuous source but do not interfere with the rendi 
The CO. 
tube is another example of a discontinuous source 


tion of object colors yaseous discharge 
that vives very satisfactory color rendition. 

A blackbody radiator fills the requirement of a 
suitable standard source; that of having energy in 
every broad wavelength band of the visible spec- 
trum. Its spectral energy distribution is also well 
defined. Therefore, it seems logical to take a biaek 
body radiator at the same nominal color tempera 
ture as the lamps to be investigated as the standard 
for that color. 

The establishment of a standard source over 
comes the objection (2) of having no eriterion for 
the correct color. If a standard observer is used to 
compute color specifications of the test objects for 
the standard and test sources, quantitative values 
may be obtained which provide a basis for over- 
coming objection (3 If. further, the objeet-color 
differences caused by passing from standard to test 
source are expressed in terms of number of just 
perceptible differences, objection (4) is overcome 
pro idled the test objects chosen are eritieal (objee- 
tion 1 
Such a procedure has been used by the National 
Burean of Standards’ to test the degree of dupli- 
‘ation of natural davlight by various artificial light 
This procedure takes the form of compu- 


Judd 
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tations of chromaticity coordinates, 7, y, in’ the 
C.1.E. system? for three metameric pairs of colors 
that are so chosen that one pair (green) serves to 
detect deviations in the shortwave end of the spee 
trum between the source being investigated and the 
standard source ; one pair (blue) similarly tests for 
the longwave and the third pair (olive) tests the 
middle of the spectrum. The spectral reflectances 
of these specimens are listed in Table I and are 
shown in Fig. 1. The chromaticity coordinates are 
then expressed in terms of a uniform-chromaticity 
scale diagram, such as that of Breckenridge and 
Schaub,* so that equal distances anywhere in the 
diagram will represent approximately equally per- 
ceptible chromaticity differences, and the coordi- 
nate differences (A,;2" and A,y”) between the mem- 
bers of the pairs are determined. This is done for 
the standard and each source to be compared to it 
and the change in these differences (second differ- 
ences, Sor” and Asy”) in going from the standard 
to the test source is determined. That is, Avr” 
— ceiuorescent Lamp) With a similar ex 
pression for Aoy”. 

These data are reduced to a single deviation, D, 
for each test source from the standard by averaging 
the values of \/Aer"* + Any”? for the three meta 
meric pairs. Din turn is converted to a “Duplica 
tion Index,” J, by the transformation 


14 10D” 100 


This latter transformation is employed to arrive 
at an easily recognized scale of values. For ex 
ample, by this transformation, an index of 100 
represents exact duplication; an index of 50) is 
approximately the degree of duplication of gas 
filled incandescent lamp light for natural daylight ; 
and the index for monochromie light of wave 
length 700 millimierons for natural daylight is 
approximately zero. 

This method of assessing the degree to which a 
test source duplicates the color rendition of the 
standard source is strictly valid for these three 
pairs of test objects only. It has general validity 
only to the degree that these test objects adequately 
represent objects to be viewed under the test 
sources. Furthermore, even with the number of 
test objects reduced to six, the computations are 
laborious and the method is quite unsuited for any 
quick routine check such as might be employed 
with a lamp factory. However, for all of the con- 
siderable number of sources of artificial davlight 
to which it has been applied, this method has 
vielded results in good agreement with the qualita 
tive results of the subjective method; so it is pro 
posed in this paper to use this method as a vard 
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Figure 2. Spectral energy distributions — cool whites. 
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Figure 3. Spectral energy distributions warm whites 


stick of the efficacy of shorter methods devised for 
the same purpose. Accordingly, by this method, 
the duplication indices, 7, of four spectral distribu- 
tions of cool white (4500K) for black-body radia- 
tion of 4500K, and four spectral energy distribu- 
tions of warm white for blackbody radiation of 
P84K (CLE. source A) have been computed with 


the following results 


Cool Whites Warm Whites 
\ ou 62 
7 ou 
7H G | 
ID 58 i 


The spectral energy distributions of these light 
sources without the merceury-lines are shown in 
Figs. 2 and 3 and are given with the mereury-lines 
in Table Tf. 

In all the computations in) this) paper, the 
weighted-ordinate method of integration is used 
The effect of the mereury lines energy of the tluio- 
rescent lamps is added to that of the phosphor emis- 
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TABLE II 


COOL WHITES 


sion after multiplying their measured energy by 
the factor 
divided by the wavelength interval used in’ the 


effective slit width of monochromator 


integration as described else- 


weighted-ordinate 
where by one of us 
As brought out in the above discussion, the spee- 
tral energy distribution of a light souree is the 
determining factor in its color-rendering properties 
This suggests the SED curve as a specification for 
this property. Two lamps having identical SED 
curves will have identical color-rendering proper 
ties and also identical color. Therefore, the estab 
lishment of a standard SED curve suffices to specify 
the color-rendering properties llowever, there are 
practical limitations te such a specification. Lamps 
different 


blends of phosphors but may differ considerably in 


from manufacturers mav use similar 


color, Also. there is a variation in color from lamp 
to lamp oof a single manufacturer, the amount of 
the variation depending on the strictness of quality 
control measures emploved. Consequently, concur 
rently with the establishment of a standard SED 
curve, tolerances on either side of it must also be 
established. These tolerances must be made loose 
enough so that maximum deviation from the stand 


When this is 


done for all points the tolerances tend to lose sig 


ard at any one point will be allowed 
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Spectral Energy Distributions. 


"WARM WHITES 


nificance since they would seem to allow 
deviation at several, or all, points, whereas such an 
occurrence is obviously unsuitable. This objection 
could be overcome by making a single figure of 
merit similar to the “duplication index” described 
above, which would average the deviations from the 
standard, together with suitable tolerances thereon, 
as a supplementary part of the specification. 
Another drawback in the use-of SED curves as a 
complete measure of color-rendition is the difficulty 
in their interpretation, especially when lamps of 
considerably different SED's are to be compared. 
This is indicated by the curves in Figs. 2 and 3. 
The comparison of any two such curves can lead 


only to qualitative estimates of the rendition of 


specific colors. For quantitative results recourse 


must be made to laborious computations similar to 


those used in the determination of the “duplication 


indices” above. What is most desired, then, is some 
simpler specification 

The SED curve implies that measurements of the 
energy in a number of narrow bands have been 
made. These bands are narrow and of sufficient 
number so that a continuous curve can be drawn. 
For example, the radiometer on which the SED 
curves of Figs. 2 and 3 were determined used bands 
5 millimicrons wide throughout. Therefore. one 
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simplification possible is to measure the energy in a 
smaller number of wider bands. This is the basis of 
a measure of color rendition of fluorescent lamps 
developed in Europe.*:** In their procedure, the 
per cent luminous energy (radiant energy weighted 
by the spectral luminous efficiency of the normal 
eve) in eight spectral bands, and tolerable limits to 
specified. The 
chosen as of equal importance in color rendition, 


deviations therefrom are bands 
and the tolerances set to accord with fluorescent 


lamp control attainable in England in 1947 are 
tand No from 380 to 420 mu =—20% 


Band No. : from 420 to 440 mu 


Band No. ¢ from 440 to 460 mu 


+10% 
Band No from 450 to 510 mu 10% 
Band No. ! from 510 to 560 mu 
tand No. 6 from 560 to 610 mu 
Band No from 610 to 660 mu 


tand No from 660 to 760 mu 


These band limits are shown superimposed on a 
spectral energy distribution curve of a typical fluo 
rescent lamp in Fig. 4. 

Table IT] shows the distributions of luminous 
energy in per cent for the two standards (4500K 
and 2854K) and for the eight fluorescent lamps 
(see Table Il and Figs. 2 and 3 


The deviations 
from standard are also shown for the eight lamps. 


A sample computation sheet for one of the lamps 
is Shown as Table IV. 

It is evident from the deviations from the stand- 
ard given in Table ITT and the tolerances used by 
the British that a fluorescent lamp must be the 
standard used in the latter specification. This may 
be convenient for routine cheeks when such a stand 


TABLE III. 
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Figure 4. Spectral band limits in British specification. 


ard has been established, but it seems to us desir- 
able to try to establish a standard which will repre- 
sent the best color-rendering light source available. 
This is one of the factors influencing our choice of 
blackbody radiation for this purpose. The greatest 
apparent drawback to the British procedure is the 
specification of eight different tolerances and the 
resultant difficulty im properly evaluating the over- 
all effect of the deviations. 

We have, therefore, tried averaging the devia- 
tions in order to arrive at a single numerical index 
which would be a measure of the color-rendering 
properties of the lamp in question and which could 


Luminous Energies and Deviations from Standard in Eight Spectral Bands. 
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Lamp B 


Lamp C 


WARM WHITES 


Lamp F 
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6 42.59 45 130 43.47 12 62 
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IV. Computation of Radiant and Luminous Energy Distribution. 


lamp 


Band System British Specitication 


ire separately recorded at 405 0 $5 > 1. and 574.0 millimirona 


Band Wavelength 
No Limits 


au 
420 
20 
aan 
400 
460 
510 
10 
560 
410 
910 
460 
THO 


100. 00% 


then be compared to its duplication index, /. kor Fig. 6 wherein the correlation between computed 
example, the magnitude of the deviations given in indices (1) and average differences between per 
Table LIL have been averaged with the results as cent luminous energy of blackbody and per cent 
indicated. The correlation between these averages luminous energy of the fluorescent lamp in each of 
and the computed duplication indices is shown in the bands expressed as per cent of that of the 
Fig. 5. These data are shown in another way in standard is shown. This correlation is not as good 
as that shown in Fig. 5 

A further disadvantage of the British specifica- 
tion is the extremely low luminous energy in the 


O-COOL WHITE 
+ WARM WHITE 


O-COOL WHITES 
+ WARM WHITES 


Figure 5. (left) Average luminous 
energy differences in British bands vs. 
duplication indices. 


Figure 6. (right) Average luminous 

energy differences (per cent of stand- 

ard) in British bands vs. duplication 
indices. 
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+- WARM WHITES 
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bands at the end of the spectrum due to the low 
sensitivity of the eye in these regions. Since the 
fundamental controlling factor in color rendition is 
the radiant energy emitted by the light source, a 
survey was made of this property of the test lamps 
in the spectral bands of the British specification. 
The results are given in Table V and shown in 
Figs. 7 and §. In Fig. 7, the abscissa is the average 
difference between per cent radiant energy of the 
test lamp and per cent radiant energy of the stand- 
ard. Fig. 8 shows the correlation between 7 and 
the average deviation from the standard per cent 
radiant energy in each band, the deviations being 
expressed as percentages of the per cent radiant 
energy of the standard in that band. 

Fig. 8 indicates a possible correlation within each 
white although in each case there are deviations 
which are nearly as large as when a single correla 


A 
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Figure 7. (left) 
energy differences in British bands 
vs. duplication indices. 


TABLE V.--Radiant Energies and Deviations from Standard in Eight Spectral Bands. 


COOL WHITES 
Lamp B 


WARM WHITES 
Lamp F 


~COOL WHITES 
WARM WHITES 


Average radiant 


Figure 8. (right) Average radiant 
Je energy differences (per cent of 60 + 
> standard) in British bands vs. dupli 
cation indices. 
a 
25 50 75 100 
SE OF STD) 
ae 


tion is assumed. Fig. 7 shows a much better cor- 


relation between duplication indices and average 
radiant energy differences. 

Figs. 5, 6,7, and & point up an observation which 
has been corroborated in the other studies reported 
herein. That is, the average of the aetual differ- 
ences in the magnitude of either luminous energy 
or radiant energy in a number of bands leads to a 
better correlation with the duplication indices than 
when these differences are expressed as a percent- 
age of the standard values in each band and then 
averaged. Therefore, in the other results reported, 
it is the actual magnitude of the differences which 
are considered 

In view of the disadvantage of low luminous 
energies in the British bands at the ends of the 
spectrum another set of 10 bands was set up such 
that for a light source of equal spectral energy 


Lamp C 
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; HIT 
*- WARM WHITES Figure 9. (left) 


Figure 10 


distribution approximately equal luminous energs 


would be obtained in each. The band limits are 


Band No. | 
jand No. 2 from 407.5 toe 517 
Band No. 3 from 
Band No from 


Below 497.5 mu 


Band No. 5 from 

Band No. 6 from 

Band No. 7 from 

Band No from $82.5 

tand No. from 597.5 H175 


Band No. 10 Above 617.5 


Since other than established band systems are 
being considered, still another set of bands has been 
investigated. These are of equal width, each 50 
millimicrons wide (400-450, 450-500, 500-550, 550- 
600, 600-650, and 650-700 millimierons 


age deviations from the standard in each of the sets 


The aver- 


of bands tested of the luminous and radiant ener- 
gies of our test lamps are listed in Table V. 

These data would seem to indicate no particular 
advantage of one band system over another. The 
British band system has been used for several vears 
in Europe and although there have been rumors of 
dissatisfaction with the system, considerable data 
and experienee with it have been obtained and spe 
cial photometers built for simplified determination 
of the luminous energies in the separate bands. For 
these reasons there has been a great reluctance to 


A-COOL WHITES 


36 


Average luminous + 
energy differences in British bands 
vs. modified indices. 


(right) Average radiant 
energy differences in British bands 
vs. modified indices. 


= O-cOoOL WHITES 


| *- WARM WHITES 


change of the system and until a band system that 
can show decided advantages over the old system 
can be developed, there will be no point in making 
a change 

lp to this point, the discussion has been predi- 
cated on the duplication indices derived from the 
use of metamerie pairs as explained earlier in this 
paper. This index has obvious advantages for the 
specific application for which it was developed, that 
is, as a measure of the efficacy of light sources to be 
used for color matching of filters, painted surfaces, 
and so on. In that application, the occurrence of 
metameric pairs of colors can be commonplace. In 
the more general application for overall illumina- 
tion, the appearance of individual colors is more 
important than the comparison of pairs of colors. 
This has led some investigators® to study the color 
individual objects in going 
It has 


objects 


changes evineed by 
from one kind of illumination to another. 
also been suggested that commonplace 
should be used for this determination, such as 
butter, lettuce, coffee, and meat to mention a few. 
In view of these suggestions, a modified duplication 
index V 
of our radiant and luminous energy data for the 


has been developed and the correlation 


several band systems investigated above correlated 
thereto 

The modified index is Cerived similarly to the 
duplication index, 7, using the same six test objects 


B-WARM WHITES 


az 


Figure 11. Chromaticities of lamps A to H on the C.LE. color mixture diagram. 
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British Spec. 
L E 


A 69 1.7% 

hb 75 70 1.14 4.4 
76 99 4.63 
b 58 53 2.0 5.4 
fF 62 53 1.93 5.90 
F 69 56 2.32 5.81 
54 51 1.96 7.05 


comprising the metameric pairs. However, in the 
modification the changes in the color parameters in 
the rectangular uniform chromaticity seale are used 
instead of the second differences and 
That is: 


Ax” x" st Huotescent Lampe 


and Ay” = isa 


fucrescent lamps 


Then, as with J, a single deviation, D, for each 
illuminant is obtained by averaging the six values 
ef \/Ar"™* + Ay”. M is then derived from D by the 
transformation: 


1—10D 
M: 12 40D” 
The modified index, M, for our eight fluorescent 


lamps for their respective blackbody standards are 


100. 


computed to be: 


Cool Whites Warm Whites 
SED M SED M 
A E 53 
70 F 
6s G fl 
DD 53 H 36 


The correlation between these indices and the 
luminosity and energy analyses of the several band 
systems show that the correlation in the British 
band system is fully as good as that in the others. 
These relationships are shown in Figs. 10 and 11. 

Before closing, it should be mentioned that the 
fluorescent lamps used in this study were chosen at 
random from several different production lots and 
from different manufacturers. Consequently, they 
are not all of the same color, nor do they match 
the color of the blackbody radiators chosen as the 
standards. The position of the lamps on the CLE 
Color Mixture Diagram is shown in Fig. 11. The 
duplication indices of these lamps (both J and M 
might be raised somewhat if the standard chosen in 
each case were the blackbody radiator of the nearest 
color temperature. 

In summary, the conelusions arising from the 
present study are: 

1. The speetral energy distribution of a light 
source Is the only complete specification of its color 
rendering properties 
2. A single index is required to supplement the 


SED curve to give an overall quantitative measure 
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TABLE VI.—-Average Luminous and Radiant Energy Differences in Three Sets of Band Systems. 


a 


10 Bands Bands of 50 mu 
L L 


2.02 1.10 2.! 
1.45 2.70 1.23 4.08 
1.54 2.48 1.26 4.68 
2.49 44. 2.77 6.77 
5.16 2.21 7.15 
2.12 7.27 
2 RY 2.42 8.80 

‘ 11.33 


of the color rendition. When two SED eurves 
coincide throughout, there is no need for the index 
since the color rendition of the two light sources 
will also be identical. The need for the single index 
arises to evaluate the relative merits of two lamps 
whose SED curves do not coincide. 

3. Equipment for the precise determination of 
SED curves is too complicated and expensive for 
universal use. Therefore, a simpler procedure is 
required, 

$+. The measurement of relative energies in a 
finite number of spectral bands fulfills the require- 
ments of number 3 above 

5. The use of the eight wavelength bands pro- 
posed by the British is recommended until such 
time as a selection of bands showing superior utility 
is developed. 

6. The use of radiant energies in the spectral 
bands is recommended rather than the use of lumi- 
nous energies. Radiant energy is the fundamental 
parameter in color rendition and the data eon- 
tained herein show better correlation between 
duplication indices and energy relationships 

7. The single index suggested for color rendi- 
tion of a lamp is the average difference between 
lamp and standard in per cent radiant energy 
within the eight British bands. Indices based on 
differences expressed as per cents of energies of the 
standard within the same wavelength band show 
poorer correlation with the duplication indices, 
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Time Versus Luminous Ceilings 


YEARS have sitice the first lumi 
nous ceilings were designed on the basis of the 
intertlection theory a duminous ts 
meant, in this paper, a uniform, perfectly diffusing 
source of light that 


ceilings which permit the lamps 


ers the entire ceiling. Lou 
verall and other 
tu be viewed from any angle are specifically ex 
cluded 


the aecura f the interfleetion theory and 


In this time, experimental work has ver! 


results obtained in the field have demonstrated its 
practicability. Luminous ceilings have been used 
in a wide variety of applications and have provided 
luminous environments tailored to human needs 
Time has also shown the pitfalls of poor design 
Coefficients of utilization can be over one hundred 
per cent or practically zero. The luminous environ 
ment may produce excellent: visual conditions or 
glare. Luminous ceilings may be designed to have 
high maintenance factors; or made fine dust col 
leetors. Finally, luminous ceilings can be designed 
to fit the tight budgets required by today ’s building 
programs, or require astronomical figures to cover 


the eosts 


A paper presented at the National Technical Conference of the 
Itiuminating Engineering Society, Sept. #12, 1952, Chicago, Ill 
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Luminous ceilings ne longer belong in the luxury 
class only. This is borne out by the fact that light- 
ing engineers and architects in ever increasing 
numbers are designing luminous ceilings into run- 
of-the-mill type of buildings. Hlow ean we design 
the finest luminous ceilings for the lowest cost? 
The purpose of the paper is to help illuminating 
engineers, ligiting designers and architects answer 


this question, by pointing out past mistakes 


Coefficient of Utilization 


What is the highest coefficient of utilization we 
can hope to obtain with luminous ceiling lighting? 

This depends, in the first place on the diffusing 
medium hung beneath the lamps. The optimum 
optical characteristics of this material should be' 
transmittance, 50 per cent; reflectance, 50 per cent ; 
with no losses. The most satisfactory plastic found 
so far has the characteristics shown in Fig. 1. This 
material is nearly neutral with a slight increase in 
transmittance at the longer wavelengths. At 600 
millimicrons the transmittance is 47 per cent and 
the reflectance is 46 per cent, with a loss of 7 per 
cent. Using the methods of calculation developed 
by Moon and Spencer,’ the equivalent ceiling re- 
flectance with this plastic is 74 per cent and the 
“logance” or efficiency is 67 per cent for a carefully 


desiqned luminous ceiling. 


a 


3 


$ 


REFLECTANCE (PERCENT) 


Sas 
480 500 520 540 560 580 600 620 640 660 680 


WAVELENGTH 
(MILLIMICRONS) 


Figure 1. Spectral transmittance (left) and reflectance (with black backing) (right) for present composition of Marlux. 
To improve the uniformity of the luminous ceiling, a slightly more opaque sheet is now being employed than was used 


originally.! 
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Measurements were made on the Hardy Spectrophotometer at M.I.T. On this same instrument, for the '%, 
in. Plexiglas used in the M.I.T. classroom,'! ; 


0.480 and p 0.352 at A 0.60.4. 
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desk) D,,,/D,, versus domance of room k,. Wall reflectance 0.500, 


Coefficient of utilization &, and (light on wall light on 


ceiling reflectance 0.741, floor reflectance 0.300, logance of luminous 


* 
| 
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Fig. 2 gives the coefficient of utilization for vari 
ous shapes of rooms in which recommended room 
reflectances are used. With careful design it is 
possible to obtain a coefficient of utilization of O.86 
in a very large room (k,~ 0). In a typical school 
room (k, = 0.50) the coefficient of utilization is still 
0.47 but in a cubical room (k, = 1) the coeflicient of 
utilization drops to 0.27. These values are higher 
than those suggested in the latest 1.E.S. Handbook 
and higher than those estimated by good designers 
who, surprisingly, will fall into the error of think 
ing of complete luminous ceilings in terms of point 
sources. 

How do we obtain such high coefficients of utili- 
zation? We follow six simple rules: 

(1) Above the lamps use a flat ceiling without obstructions. 

(2) Paint the ceiling above the lamps white with reflect 
ance 

(3) Keep the luminous ceiling comparatively shallow so that 
k, of space above diffusing material approaches 0 

(4) For uniformity, keep distance between lamp centers 
less than 1.5 times the distance from lamp centers to 
diffusing plastic. 

(5) Average wall reflectance must be at least 50 per cent. 

(6) Average floor reflectance must be at least 30 per cent. 


Occasionally a violation of these criteria may be 
necessary. The designer should realize that a 
penalty is attached to every violation. 

In the machine shop at Brown University* the 
ceiling is covered with a maze of pipes, arranged 
in such a way that it is not practical to install a flat 
ceiling beneath them. Criterion (1) is violated 
Pipes and ceiling were painted a good gloss white 
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ceiling 0.672. k, wall area/4 (floor area). 


with a reflectance of 5U per cent, vet the equivalent 
reflectance of the enclosure was not 80 per cent but 
67 per cent and the coefficient of utilization was 
consequently reduced by 30 per cent. 

Other designers have used bare lamps in an un 
painted enclosure (violation of criterion No, 2). 
Replace the flat white ceiling above the lamps by a 
black one and the coefficient of utilization of the 
luminous ceiling drops to a little more than one 
third of its previous value. An excellent way of 
proving luminous ceilings inefficient! At first 
thought one might think that industrial reflectors 
behind the lamps would result in a more efficient 
design. This is an erroneous conclusion. It is far 
more efficient to paint the ceiling white and elimi 
nate the reflectors. The good industrial reflector 
will emit 76 per cent of the light from the lamps 
If the transmittance of the plastic is 47 per cent, 
the luminous ceiling will emit 36 per cent of the 
light from the lamps instead of 67 per cent. This 
would be a waste of both money and light 

In a group of offices at Brown University,* a 7 
foot ceiling made it necessary to tuck the luminous 
ceiling between existing beams. Because the lumi 
nous ceiling was broken into several smaller see 
tions, criterion (3) was violated. The “logance” 
was reduced to a little over 50 per cent of its nor 
mal value. Nearly half the light was lost because 
of an irregular type of luminous ceiling construe- 
tion 

A simple unobstructed luminous cavity is shown 
in Fig. 3. Here the foregoing eriteria are satisfied 
and theoretical predictions check field measure- 
nents, 

Architects and engineers sometimes decide to 
raise the level of the plastic sheeting without re- 
ducing lamp spacing. A striped ceiling results, if 
the 1.5 to 1 spacing of criterion (4) is violated 
(Fig. 4). 

Another misconception is that a transmittance 
much higher than 50 per cent must be used so we 
will not lose too much light. But if the transmit 
tance is increased, the lamps become plainly visible 
as bright bars on the plastic. This procedure defeats 
the purpose of a luminous ceiling for it introduces 
bright, glaring lamp images. Strange as it may 
seem this highly transparent sheeting may actually 
give a lower coefficient of utilization than materials 
which are excellent diffusors. The best luminous 
ceiling material’ available, optically speaking, is 


Time Versus Luminous Ceuings—-Spencer-Martin 269 


a 
| 
rie 
‘ 


ordinary tracing paper. The transmittance is 60 
per cent and the reflectance is 38 per cent (less ab 
sorption than optical glass) vet the equivalent ceil 
ing reflectance is 79 per cent, the “logance” of the 
luminous ceiling is 0.776, and the coefficient of util 
zation in large rooms with 30 per cent floor reflect 
ance is LOLS. Tracing paper gives the highest co 
eflicient of utilization of any material tested,’ over 
100 per cent 


1.5 to criterion is satisfied 


vet it hides the lamps, provided the 
Several transparent 
sheets with transmittances of over 70 per cent give 
lower coefficients of utilization. Thus, we conclude 
that it is false economy to increase the transmit 
tance of the diffusing sheet much above 50 per cent 

Luminous ceilings may be installed in rooms in 
which the average wall and floor reflectances are 
below the recommended values of 50 per cent and 


Figure 4. Reading room in the Boston 
Public Library. The lamps are placed too 
far apart. A striped ceiling results if the 
lamp spacing exceeds 1.5 times the dis 
tance from lamp centers to plastic 
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Figure 3. Above an early luminous ceiling 
(Leominster Federal Savings and Loan 
Association, Leominster, Mass.). Note ab- 
sence of obstructions, good lamp spacing 
and long runs of plastic of width 3 ft. This 
form of hanging system has been super- 
seded by a simple yet rigid network dis- 
cussed under “Maintenance.” 


SU per cent. Even if highly reflecting wall paints 
and floor coverings are used, the average reflect- 
ances may be low beeause of large window and door 
openings or the effect of furniture. In a cubical 
office the coefficient of utilization with recommended 
reflectances is 0.27. But if the average wall and 
floor reflectances are only 10 per cent, the coeflicient 
of utilization drops to 0.16. In important installa- 
tions, the designer should always work out average 
wall and floor reflectances and use them in his cal- 
culations 

One more question may be asked on coefficients 
of utilization. Are the coefficients of utilization 
obta ned from the interflection method accurate 
enough! The excellent experimental investigation 
of Churchill and Putnam! compared theoretical 


and experimental results on the distribution of 
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light in empty rooms lighted by luminous ceilings 
and found a maximum discrepancy of 4 per cent 
A careful check of four offices at Brown University* 
showed an error of © 10 per cent in rooms contain- 
ing furniture. Similar results have been obtained 


in numerous other luminous ceiling designs. 
Quality 
Is the distribution of light in luminous ceiling 


lighted rooms satisfactory? The problem is best 


treated by considering the following: 


1) Distribution of light on horizontal surface 
Quantity of light on vertical surfaces 

(3) The 3:1 adaptation ratio 

(4) Maximum quantity of light without glare 

(5) Specular reflection. 

(6) Objectionable shadows 


(7) Modeling shadows. 


If the walls are at least one-tenth as bright as the 
luminous ceiling,® the quantity of light incident on 
the desk tops varies by no more than 3:1 between 
the center of the room and the darkest corner 
Ordinarily, the variation will be considerably less 
than 3:1. 

Fig. 2 shows the ratio between the quantity of 
light incident on a vertical surface near the wall 
and the average quantity of light incident on a 
horizontal surface. In all cases, the quantity of 
light incident on the vertical surface is at least two 
thirds of that incident on the horizontal surfaces, 
if recommended reflectances are used. For exam 
ple, if we are designing a luminous ceiling for a 
control room where it is important to see writing on 
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Figure 5. Adaptation brightness ratios for luminous ceiling ughted 
rooms with recommended reflectances. H,,, wall; H,, ceiling; H,, 
floor; H,, work. The 3:1 ratio is satisfied for all shapes of rooms 


ordinarily encountered. 


a horizontal desk and to read vertical meters on a 
wall panel we can have 100 lumen ft > * incident on 
the desk and lumen ft Incident on the meter 
(if k, = 0.80). 

The most important single criterion of quality is 
the 3:1 adaptation ratio® recommended by the first 
Committee on Standards of Quality and Quantity 
of the Hluminating Engineering Society. Accord 
ing to Fig. 5, this eriterion is satisfied for wall, 
ceiling, and floor in nearly all shapes of rooms 
provided the average wall reflectance is at least 50 
per cent and the average floor reflectance is at least 
30 per cent. It is here assumed that the eyes are 
adapted to a printed page of reflectance 65 per cent 
Iving on a desk. Since the state of adaptation of 
the eves will not vary up or down by more than 
three, no matter how the eves wander about the 
room, the eves will always be nearly adapted to the 
work. Visual conditions are optimum and visual 
tasks are performed well and without fatigue. Such 
a luminous ceiling is shown in Fig. 6 

At a recent local LES. tour, a luminous ceiling 
lighted office was inspected. The comments of the 
majority of those present were that the lighting 
was comfortable at 100 lumen ft 7, but intolerable 
at 200 lumen ft". Many illuminating engineers 
that 200 lumen ft) * from a luminous 
ceiling is always glaring. When asked if the ceiling 
might appear too bright because the walls were too 
dark, one illuminating engineer said that brighter 
walls would increase the flux to the eve and add te 
the glare! Of course, the difficulty was not. the 
quantity of light. The only trouble was that the 
reflectances of walls, floor, and furniture were too 
low; contrasts were not 3:1 but 50:1. The faet is 
that all of us are accustomed to essentially the light 
distribution of a luminous ceiling outdoors on an 
overcast day at 1000 lumen ft And most people 
find these outdoor conditions among the most rest 
ful ever encountered. People say they have “too 
much light” when actually there is “too much 
vlare.” A properly designed liminous environment 
is not glaring, and so, no matter how mueh light we 
use up to daylight levels —— there is not too mueh 
light. With luminous ceilings, one can enjoy the 
ability to see fine detail that results from large 
quantities of light, without being aware that a 
large quantity of light is being used 

If polished surfaces such as a slide rule, a metal 
scale, or a draftsmans triangle are being used, the 
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luminaire will be reflected in the mirror-like areas 
But if, as with a luminous ceiling, the luminaire ts 
no more than three times as bright as the work, the 
3:1) adaptation eriterion will be satisfied. A lumi 
nous ceiling reflected in a steel seale makes the 
details stand out with high contrast. If a luminous 
ceiling os reflected in a glossy photograph, contrasts 
are slightly reduced. But this reduction of contrast 
is much less than would result under troffer systems 
or louvered fixtures 

Specular reflection also enters even when sur 
faces are not perfectly specular, such as the paper 
from which vou read. The reflectance of both ink 
and paper depend on the angle. At the specular 
anule the reflectance of the “black” ink may under 
certain conditions rise to more than SO per cent 
and = the printing mas become invisible Tests’ 
show that this type of reflected glare is eliminated 
if the luminaire is no more than three times as 
bright as the work. Thus, with luminous ceilings 
reflected glare is minimized provided that high re 
flectances are used and the 3:1 criterion is satis 
fied. This is the most important advantage of lumi 
nous ceilings over louvered fixtures 

Head and hand shadows can be very annoying 1! 
they reduce the amount of light ineident on the 
work*® by more than 10 per cent. In hospital operat 
ing rooms, head shadows are a source of many 


complaints from If directional light 


sources are used, for some positions, the doctor's 
head intercepts a large fraction of the narrow beam 
of lieht 
ft * from a luminous ceiling, there will be at least 
900 lumen ft 


If a surgeon is working under 1000 lumen 


even in the worst head shadow, 
Are there sufficient shadows to give proper three 
dimensional effect? Are luminous ceilings becoming 


to the human face® To obtain a good three-dimen 
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sional effect with transparent shadows the modeling 
ratio should® be between 2 and 6. If the modeling 
ratio is below 2 the lighting becomes flat and solid 
objects begin to appear two-dimensional. If it ts 
above 6, the contrast tends to become unpleasant 
with loss of detail in the shadows or in the high 
lights. The recommended modeling ratios are rea! 
ized with luminous ceilings if the floor reflectance is 
between 30 per cent and 50 per cent 

These facets make luminous ceilings especially 
suitable for schools, art museums, photographic 
studios and television stations. The ideal luminous 
environment for child development, described by 
Harmon® is realized. In portrait photography, pro- 
duction of moving pictures, or television, a wide 
variety of effects can be obtained by merely varv- 
ing the wall and floor coverings. For more dramatic 
effects one lumineus wall or a single concentrated 
source can be added. Or if vou just want soft, 
becoming lighting in vour own living room, lumi- 


nous ceilings are ideal. 
Maintenance 


Maintenance of luminous ceilings means a great 


deal more than periodie cleaning. The following 


topies must be seriously considered : 
! Colleetion of dust 
Lamp and ballast replacement 
Satisfying the building superintendent 
Preventive maintenanes 


Design for permanence 


Contrary to the belief sometimes expressed in 
ILLUMINATING ENGINEERING and in the LES 
Handbook, a properly desiqned luminous ceiling is 
very easy to maintain. With proper design dust 
collects mostly on the bottom of the plastic. If this 
dust film is never cleaned it will finally reach a 


Figure 6. Sak’s Fifth Avenue, Beverly 
Hills, Calif. A luminous ceiling installation 
for which the 3:1 criterion is satisfied. 
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Figure 7. Fitchburg Youth Library, Fitch- 
burg, Mass. First commercial combination 
of acoustic fins and luminous ceilings. 


transmittance of 97 per cent in a typical industrial 
environment.’ Thus, dust decreases the quantity ot 
light by only about 3 per cent if the luminous ceil 
ing is carefully constructed. The decrease in quan 
tity of light is almost solely associated with loss ot 
light output from the lamps. Tests made at Brown 
University, in an unusually dirty location.* verified 
these predictions accurately over a period of 91 
days. In this time, the light output had dropped to 
96 per cent of its initial value. A recent check 
showed that the present quantity of light is more 
than 90 per cent of the original, even though it is 
nearly a year sinee the plastic has been washed and 
many of the lamps are two vears old. Thus the 
predicted average maintenance factor of 87 per 
cent appears to be realistic. Similar results have 
been obtained in several luminous ceilings which 
have not been washed since they were installed 
three years ago. 

The “breathing” which has sometimes been at 
tributed to luminous ceilings apparently does not 
take place As there is a large volume of air in 
the luminous ceiling, the operating temperature of 
the air above the plastic differs very little from 
room temperature (about 1°F) and breathing is 
nevligible. 

To minimize service calls the fixtures should be 
of the simplest possible design. Emphasis must be 
placed on the quality of the fixtures and the com 
ponent parts. 

It is very important to explain the best mainte 
nance procedures to the building superintendent 
It has been found through experience that it is 
better to give explicit written instructions so that 
there will be no chance for misunderstanding in the 
event of personnel changes. To wash the plastic the 
roll can be placed vertieally in a sink or bathtub 
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and a shower or strong hose played down through 
the loose corrugations to remove the dirt. Tem 
perature of water should not exceed 100 bf. In the 
Washing process, water soluble anti-static com 
pounds, whieh are applied to the plastic at the time 
of manufacture, are removed. The plastie is a wood 
thelectric and will attract dirt if it is not covered 
by a conduetive anti-static film, Conventional 
hveroscopic agents which absorb moisture from the 
air to dissipate the charge have a short life and 
may leave a greasy residue on the plastic. Deter 
vents should not be used. The anti-static compound 
must be able to dissipate the charge over at least a 
two-vear period without leaving a visible film. After 
the plastic is washed it should be rinsed in a 2 per 
cent antistatic compound 98 per eent water solu 
tion, drained, and installed in position to dry with 
out wiping 

Dust collects quickly in luminous ceilings if large 
openings are left. The Radio Shack in’ Boston 
collected dirt directly from Washington Street in 
large quantities through such apertures. There is a 
temptation to leave gaps around pipes which must 
pass through luminous ceilings. The plastie should 
be carefully cut to fit around such irregularities, if 
best maintenance is to be attained 

Cracks in the structural ceiling must be sealed so 
that dirt does not sift off the ceiling onto the plas 
tie when the building vibrates. Failure to realize 
this in the Fitehburge Youth Library (Fig. 7) has 
allowed sawdust from the roof planking to sift 
down whenever workmen walk on the roof, 

Engineering design of the suspension system is of 
vreat importance. The suspension system must be 
so designed that a mere glance at the ceiling shows 
that it is easy to install and remove the sheeting 


The suspension system must also be light in weight 
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Figure # 


Test setup used 20° x 20° room of Martin's Marlux sheeting with four sprinklers mounted above. 


4 
Wooden 


boxes with wood and excelsior contents, 322 lbs. of combustibles, were ignited near the floor at all four corners. Above 


left 


above. Above right 


This picture was taken 35 seconds after ignition. The upward draft from the fire is starting to lift the sheeting 
This was taken one minute 45 seconds after ignition. Two sprinklers have operated and brought 


down all but two strips of sheeting which are hanging by wires at the ends. Sheeting above the fire melted completely 


easily and quickly installed. Yet it must create a 
network that will maintain supporting rails that 
were intended to be parallel in a parallel position 
and preserve original dimensions in spite of rough 
handling during maintenance and distortion of the 
building over the vears 

The first commercial combination of acoustic fins 
and thin vinyl corrugated sheeting was made in the 
Fitehburg Youth Library (Fig. 7). It has been 
found that the thin corrugated sheeting provides, 
through its diaphramatice action, sufficient acousti 
Where more 
acoustic correction is desired, fins made of acoustic 


eal correction for average conditions 


absorbing material are preferable hung from the 
rails which support the plastic 
All materials used should be of the 


permanently 


hon-com 
bustible or self-extinguishing type 
In buildings which require sprinkler systems, it has 
been found preferable to use materials which have 
been approved for use below sprinkler systems 
Beside the test Mutual 
that 
sprinklers above the vinyl sheeting operate effec 
tively in an actual fire at the Radio Shack 


made by the Factory 


Laboratories (Fig. 8), it has been proven 


The space above the plastic has also been found 
to make an ideal air-conditioning plenum. The duets 
may run at the sides of the plenum with openings 
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through. At this stage, temperatures were falling rapidly to safe levels. 
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cut into them at intervals in such a way that air 
currents are directed toward the structural ceiling 
It is preferable to have the returns in the floor of 
the room so that the filtered air moves down and 
around the convolutions of the corrugated plastic 
It is possible to use the plenum as the return, but 
this introduces the hazard of dirt laden air being 
drawn into the plenum and allewed to settle on the 
plastic 
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DISCUSSION 


Russe. C. Interest in luminous ceilings 1s 
growing rapidly. Many new installations are being consid 
ered and illuminating engineers are having to evaluate the 
relative advantages and disadvantages of this new tech 
nique. This paper is particularly valuable, therefore, for 
that discussion which is concerned with fundamentals and 
applies to all makes of luminous eeilings 

This discussor is interested especially in the adaptability 
of the luminous ceiling construction for air diffusion as 
mentioned in the last paragraph of the paper. In work done 
at Case Institute of Technology a year ago and reported 
in ILLUMINATING ENGINEERING last May,!' the luminous 
ceiling structure was shown to have excellent characteristics 
for air diffusion when the air passes from the plenum 
around the edges of the plastic. The results of lighting tests 
made in connection with the air diffusion studies indicate 
that there was no measurable decrease in illumination level 
as a result of the depreciation of the ceiling panels through 
the accumulation of dirt particles on the panels when air is 
passed through the plenum space for ventilation. This in 
vestigation is mentioned beeause it also is applicable to 
various makes of luminous ceilings and is not stated in the 
lists of references 

This paper is a welcome addition to the literature on 
luminous ceilings, particularly in respect to the information 


given regarding good and bad design practice. 


Reference 


1. Putnam, R. C.; Waite, RK. W.:; Seigel, L. G Bryan, WL 
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ILLUMINATING ENGINEERING, Vol XLVII, No 5, p 274 (May 
WinLArp ALLrHIN**: Considering that one of the advan 
tages of a louvered ceiling is its ability to hide, from nor 
mal angles of view, a collection of ducts, pipes and wires, 
it severely limits the field of the plastic ceiling to say that 
its light envity must be kept free of all obstructions. 
Where available depth permits, it might be possible to 
keep the obstructions close to the ceiling and hide them 
with some inexpensive sheet material painted white, thus 


leaving an unobstructed light eavity. Have the authors in 


vestigated the econemics of this’ 


R. Burnuam’: would like to commend the euthors on 
their thorough coverage of this rapidly growing system of 
providing quality lighting A number of advances have 
oceurred in this field in the last few years and this paper 
gives a fine summary of the major developments 

Fig. 1 shows the speetral transmissions and retleetance of 
Marlux plastie often used as a diffuser for luminous ceil 
ings. It might be clearer to many, to present the average 
transmission gud reflectance since this is the factor used in 
enleulations rather than the curve shown in Fig. 1. If this 
were done, it would be found that the average transmission 
was in the order of 45.6 per cent, reflectance 47.2 per cent 
and absorption (2 per cent. A comparison was made with 
% inch Plexiglas as used in a elassroom at M.I.T.; how 
ever, 3, inch Plexiglas is seldom used as a diffuser for 
luminous ceilings. Usually a thinner sheet of corrugated 
Plexiglas is used, thus a higher transmission might be ex 


peeted with the thickness of Plexiglas usually used kp 


lrofessor of Electrical Engineering, Case Institute of Te hnolog 
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This Qimension, 1% inch, in the caption of Fig. 1, was a 
typographical error in the preprimt, and has been corrected 
to '\ inch as printed here. | 

A factor quite often forgotten in luminous ceiling design 
is the absorption of the diffuser. If the absorption of the 
diffuser is relatively high, the ceiling efficiency drops rapid 
ly. The absorption should be low initially and should 
remain low throughout life. Some diffusers have the prop 
erty of a low absorption initially in the order of 8S or 9% 
per cent which increases with time to perhaps 20 to 25 per 
cent in one to two years 

The authors point out that an increase in plenum depth 
drops the efficiency of the chamber rapidly. Tests being 
completed show that this decrease is logarithmic when A, of 
the plenum is plotted against cavity efficiency. When this 
information is complete, the only major variable factor in 
plenum efficieney is the effect of obstructions within the 
plenum chamber. If Dr. Speneer and Mr. Martin are doing 
work along this line, a definite gap will be filled in the 
everyday application of luminous ceilings. 

Accurate tests on large numbers of fluorescent lamps 
show, according to the lamp manufacturers’ published data, 
that the lumen maintenance of the lamps themselves is 
between S2 and SS per eent. If these values are correct, 
and there is every indication that they are, the maintenance 
factor for a luminous ceiling, or any other equipment using 
fluorescent lamps, could not be consistently higher than 
the lamp maintenance even if the lamp, the plastie, the 
eavity, and the room surfaces collected no dirt whatever. 
It is true that a portion of each manufacturer's lamps 
(approximately 50 per cent) do exeeed by varying amounts 
the manufacturer's published ratings, but the other 50 per 
cent fall below the rated values. Maintenance factors recom 
mended for general use should be based on average values 
rather than on values obtained from isolated groups of 
lamps 

Paint manufacturers also report that the refleetance of 
their light colored paints decrease. For example, a paint 
having initially a reflectance of {0 per cent can be ex 
pected to depreciate to approximately SS per cent even if it 
is kept clean. The reduction in work plane illumination 
caused by the reduction of reflectanee of the paint, both in 
the eavity and in the room, along with the reduction in 
illumination caused by dirt on all these surfaces, including 
the plastic, and decrease in lamp lumen output must all be 
comprehended by the maintenance factor. It would, there 
fore, appear illogical to assume that the maintenanee factor 
could consistently be as high as S87 per cent 

The value of S7 per cent for a maintenance factor could 
not be directly compared to the values which would nor 
mally be found in the literature as the majority of authors 
would use a lamp maintenance value from 2 to 5 per cent 


lower than the one used by Speneer and Martin 


D. BE. Spencer and L. FP. Marrin*: We wish to thank Pro- 
fessor Putnam for his kind comments on our paper, and to 
apologize to him for the omission of a reference to his 
excellent paper on the combination of luminous ceilings and 
air conditioning. This paper was originally ineluded in the 
list of references but was inadvertently omitted at an inter 
mediate stage when the attempt was being made to fit our 
paper into the space allocated to it 

We have previously recommended that) air conditioning 
ducts ean be left in the lighting plenum and have laid out 


installations with the air conditioning system entirely con 
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cealed above the diffusing plastie and without any anemo 
stats. The experimental results of Professor Putnam have 
net only justified our recommendations they have exeeeded 


eur optio atic expectations 


In reply to Mr 


Aliphin’s query, the point we want to 


bring out is this. The primary reason for installing lum 
nous ceilings is to provide quality lighting; a secondary 
reason for deciding to use luminous ceilings is to hide a 
ecolleetion of duets pipes ind wires But if this is done the 
coefficient of utilization will be seriously reduced. The saeri 
f is ometimes justified but the illuminating engineer 
hould be aware that he is making it and should be able 


to estimate its magnitude Mr Allphin has sugyested, 


it is often possible to hide the duets, pipes and wires, whil 
retaining high coefficients of utilization, by eovering them 
vith the cheapest material that will provide a flat white sur 
fuee The eost of this additional sheet and the labor of 


talling it should be balaneed against reductions of 30 to 


per cent in the coefficients of utilization. If eomparison 
it eonstant quantity of light, the use of the add: 
tional sheet will be found advisable if the resulting plenum 
a of sufficient height so that uniformity of the luminous 
eiling is retained at a reasonable lamp spacing 

Mr. Burnham's comments are interesting and pertinent 
I presume he realizes that neither the average transmit 
tances and reflectances he suggests werage over what 
range of wavelengths, by the way?) nor the values at 0.6 
micron mentioned in the paper are what we should be using 
We should be using the transmittanee r evaluation for the 
particular spectral distribution J(\) emitted by the lamps 


that are being employed 


We should have a value of transmittance and reflectance 
for each color of lamp available, At a time when “stand 
und” lamp colors have been changing so freque ntly, however, 
we have rather used r at a wavelength at which all lamps 
under consideration radiate quite a bit of light. As the 
ri \) and p(A) eurves are reasonably flat, there will be little 
difference between the values obtained by any of the abov« 
processes 

With the '  imeh Plexiglas used in the classroom 
there is adequate diffusion to produce a uniform luminous 
ceiling. The position of the lamps eannot be found without 
removing one of the panels. With the thinner sheets of 
Plexiglas used by Mr. Burnham the transmittance is un 
doubtedly higher but the lamps are plainly visible. This ts 
precisely what we want to avoid in luminous ceiling design, 


It is interesting to hear that Mr. Burnham is making 


tests on the logance of a luminous ceiling as affeeted by 


ibsorption and shape. Perhaps it would be helpful to bring 
I I I 


to Mr 


quite unnecessary. All that is needed is a little calculation 


Burnham's attention the fact that such tests are 


vith Eq. (16) in a paper? published two years ago. 

The predicted maintenance factor of S7 per cent was 
based on a somewhat smaller depreciation in lamp output 
than the S2 to S85 per cent used by Mr. Burnham, For the 
effect of lamp depreciation we used SS.4 per cent, taken 
from Table 7.01 of “Lighting Design’ (for a 40 watt fluo 
rescent lamp, assuming lamps are replaced as they burn 
out). This appears to check for the lamps used in this test* 
vhieh were slimline lamps purchased in 1949, operated on 

ad lag instant start ballasts. Perhaps, with other lamps 
ind sequence start ballasts, the lower lamp maintenance 
factor of S2 per cent is justified. If Mr. Burnham's values 
were used, the maintenance factor for luminous evilings 
vould still be above SO per eent. The effect of dust collee 
tion has been found to be only a few per eent. Both our 
research in rooms that are not air conditioned and Profes 
sor Putnam's investigations with foreed air circulation indi 
eate that the effeet of dust collection on luminous ceilings is 
so small as to be difficult to measure, In a properly designed 
luminous ceiling, depreciation is almost entirely associated 
with the lamps, 

For a detailed discussion of the effeet of de preciation of 
room retlectanees we would like to refer Mr. Burnham to 
Section 7.05 of “Lighting The retleetance of 
white paints varies from 0.80 to 0.00 (Cp. 126, reference 3 
Consequently, it should ordinarily be possible to maintain 
the retleetanee of O.S0 assumed in our ealculations, espe 
cially within the lighting plenum where there will be very 
littl: ealleetion of dust. Other room reflectances should, of 
course, be maintained values, if the maintained quantity of 
light is being ealeulated. The reduction in coefficient of 
utilization associated with paint depreciation is not directly 
proportional to the reduction in retleetanee but is a rather 
complicated function. In this paper, instead of using an 
initial ceiling refleetanee of 0.90 which would eventually 
drop to 0.85, as suggested by Mr. Burnham, we have used 
the conservative value of 0.80. Thus there is considerable 
justification for concluding that the data quoted in our 
paper are reasonable and sometimes conservative for a lumi 


nous ceiling designed to fit our specifications. 
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INSTALLATION AT MARKLAND AVENUE BRANCH, UNION BANK AND TRUST COMPANY 
KOKOMO, INDIANA. 


Lighting a Drive-In Bank 


LIGHTING OBJECTIVE: To provide night-time illumination for the teller’s window and surround 


ing outdoor area of a drive-in bank. 


GENERAL INFORMATION: The drawing shows a plan view of this area. The brick wall has a 


reflectance of about 45° and the pavement 25'¢. 


INSTALLATION: General lighting is provided by Kirlin No. 1208 units (150-watt lamps) recessed 
in the canopy 914 feet above the pavement. The window ledge receives additional illumination 


from a PAR-38 150-watt floodlamp. Hlumination levels 150 hours after installation were as 


follows 
Ground, 2 feet away from wall, no automobile 10 fte 
Car next to drive-in window (left front fender) 28 ft« 
Person in car making transaction (left arm resting on door, with glass down 36 fte 
Window ledge GU ft. 
f— PAR-38 FLOOD ON TOP OF CANOPY 
¥ 


'SO-WATT RECESSED UNIT 
wiTH GLASS BOTTOM 


Lighting data submitted by Dayton T. Fortner, Public Service Company of Indiana, 
Kokomo, Indiana as an illustration of good lighting practice and to aid in the 
design of similar installations. 


Published by the Committee on Publications of the Illuminating Engineering Society, 


1860 Broadway, New York, 23, N. Y. 
Series 5-53 
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What is meant by “general service incandes- 
cent filament lamps”? 

These are lamps made for general lighting use 
on 11S, 120. and volt cirenits. (In Europe, 
yeneral service voltages are 220 to 260 volts.) Below 
150 watts, inside frosted bulbs are standard, while 
the larger sizes are made in both clear and frosted 
bulbs 
See pave and Table 5-3 of Lighting 


Handbook Second Kdit hon 


What is the most common cause of fluorescent 
lamp ballast failure? 

The most common cause of failure of approved 
ballasts has been overheating, due to poor heat 
dissipation provided in the fixture, resulting in 
failure of the insulation of either the windings or 
the capacitor, Such failures frequently are part 
of a vieious evele, in that the failure of the capaci 
tor, or the short-eireuiting of turns in the winding, 
usually leads to further overheating until a point 
is reached where a wire in or to the ballast is 


burned off. or a line fuse is blown 


In what way might failure of a fluorescent lamp 
ballast damage the lamps, wiring circuit, or fix- 
ture? 

In the case of progressive failure of a ballast due 
to thermal causes, the failure or short-cireuiting of 
either a capacitor or a portion of the ballast wind 
ing may permit abnormally high lamp eurrents to 
flow, which would definitely shorten lamp life if 
continued for an appreciable time 

Unless the wiring cireuit is fused out of propor- 
tion to the wire size used, a ballast failure should 
not damage the wiring circuit. Even with properly 
fused circuits, the ballast may burn free before the 


fuse opens 
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@) vestions and Bxinswers 


on light sources 


The 1.E.S. Committee on Light Sources, under the chairmanship of CG. S. 
Evans, has prepared this listing of answers to frequently asked questions. 


Since the field has been fairly well covered in this series, this feature 
may be discontinued in the near future unless further questions are sub- 
mitted by readers. Please send your questions to Society Headquarters. 


The thermal failure of a ballast likely will pro- 
duce softened potting compound or a mixture of 
potting compound and capacitor impregnant that 
may run out and to the fixture parts. In certain 
isolated cases, the heat of the failing ballast may 
distill off vapors from the insulating materials, pot 
These 


vapors when combined with air may form an ex 


ting compound and capacitor impregnant 


plosive mixture in the ballast compartment that 
may be detonated by the spark when the ballast 
burns free. Sueh a disruptive foree may tear the 
fixture apart and cause it to drop its lamps and 
other removable parts. Fortunately, the proportion 


of violent failures of fixtures has been very small 


I would like to apply fuses to each fluorescent 
lamp fixture. What size fuse should I use, and 
how should they be connected? 

Since supply line currents tend to rise under any 
of the conditions of appreaching ballast failure, a 
measure of protection can be secured through the 
proper fusing of each fixture 

The proper size of fuse for such application will, 
of course, depend upon size of lamp used, the num 
ber of lamps per fixture, the voltage of the supply 
and the degree of power factor correction. Ord 
narily the rated line current for each ballast is 
marked on the ballast label. Where the fixture con 
tains more than one ballast, currents usually will 
be additive. The fuse that is rated to carry the 
smallest positive increment of current above that 
totalled from the ballasts in a given fixture prob 
ably would be the one to use 

This fuse should be connected into the un 
vrounded side of the line supply to the fixture 
This would mean putting the fuse in the black wire 


to the ballast, or in the case of the choke-type bal 


last. between the ballast and the line connection 
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PREFACE 

This report was prepared to guide 
foundrymen and illuminating engineers 
in solving seeing problems in foundries. 
It is the result of seven years of field 
studies of seeing tasks and of the effeet 
of illumination upon the performance 
of these tasks in modern foundries. 
The study committee comprised illumi 
nating engineers and representatives 
from the Malleable Founders’ Society, 
Grey Founders’ Society, and 
Steel Founders’ Society of America, 

Many operating executives are using 
light as a tool in solving problems of 
industrial management. For example: 
a. Productivity is inereased through 

savings in working time sinee light 

of proper quality and quantity 
helps the worker to see more, bet 
ter, quicker, and easier 

b. Labor Relations are improved 
through better morale and job sat 
isfaction since work is made easier 
and surroundings are made more 
cheerful 

e. Safety Reeords are improved 
through quicker and easier seeing 

d. Control of Costs is gained through 
reducing spoilage and rejeets since 
workers see more accurately. 

e. Control of Quality is maintained 
through easier seeing for inspeetion, 
finishing, and maintaining close 
tolerances, 

For those interested in having a 
sharp tool to help solve some of their 
industrial management problems, this 
report representing — the combined 
thinking of foundry and illuminating 
engineers is well worth study. 
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Prepared by the Sub-Committee on Lighting for 
Foundries of the Lighting Study Projects in Industry 


1. Introduction 
1.1—Types of Ferrous Foundries 


1.1.1—Production Characteristics (a) 
The typical production foundry is 
highly mechanized: molds are made by 
machines, transported by conveyors, 
poured continuously and the castings 
shaken out almost automatically. Such 
foundries usually specialize in’ long 
runs of eastings trom a limited number 
of patterns. 

(b) The jobbing foundry specializes 
in the production of limited runs of 
eastings from a large number of diver 
sified patterns. The jobbing foundry 
may be partially mechanized, using 
molding machines, conveyors, ete., but 
not employing continuous pouring and 
other special features of the produe 


tion shop. 


1.1.2—Product Characteristics (a) 
Ferrous castings are made in a vast 
number of sizes and shapes. Typical 
malleable castings range weight 
from a few ounces to 5000 pounds, 
while gray iron and steel castings may 
weigh from a few ounces to as much 
as 100 tons. Castings may have almost 
any conceivable shape and degree ot 
intricacy. Some castings can be used 
as they come from the foundry while 
others must be partially or fully ma 
chined. Some castings must be held to 
very close tolerances (several han 
dredths of an inch) while for others, 
dimensional exactitude is of little con 
sequence, 

(b) Since foundries vary quite wide 
ly as to their physical layout, produc 
tion facilities and nature of their prod 
uets, experience indieates that it ts 
impractical to lay down inflexible light 
ing standards and layouts which will 
he appropriate for use in any and all 
shops. Therefore, these lighting speci 
fications are very largely adapted to 
average or typical foundries making 
eastings of average complexity, ete.; 


exceptional operations and require 
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ments mav necessitate special lighting 


treatments. 


1.2—Working Environment 


1.2.1—Cleanliness of Atmosphere and 
Surroundings (a) In discussing the 
working conditions of any branch of 
industry, consideration should first be 
viven to the materials employed in the 
process. The most important basic 
materials used in ferrous foundries are 
sand and molten metal. 

(b) Sand for molding must eontain 
sufficient moisture and elay to permit 
it to retain its “molded” form when 
the pattern is removed, It is therefore 
moist sand and not dust. This is also 
true of the sand used in the coremaking 
operations. When molds are dumped 
<o that the eastings may be removed, 
some dust arises. In the mechanized 
foundry this is removed at an air ex 
hausted central shake-out location. In 
a jobbing foundry the dumping of the 
molds is done by a small number of 
men who employ wetting agents to 
settle the dust and exhaust hoods to 
draw off floceulent material. In later 
stages such as during cleaning and 
grinding operations, dry sand is pres 
ent and air exhausting equipment is 
employed to reduce the dust concen 
tration. 

(c) Molten metal handling con 
tributes fumes which are generally ex 
hausted from the immediate area of 
the modern foundry. In pouring areas, 
for example, these fumes arise from 
the molds and unless adequately ex 
hausted, may form deposits on lighting 
equipment, 

(d) To summarize, as in any heavy 
industry, problems of cleanliness vary 
comewhat but maintenance of lighting 
equipment ts always of primary im 


portance, 


1.2.2—Types of Structures (a) In 
the early days of the industry, foundry 
buildings were generally laid out so 


that every molder would be facing a 
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window. In summer, added ventilation 


was gained through the open windows 
and light gamed the year round. Today 
in mechanized foundnes, however, most 


of the molders or machine operators 


work on vor lines where artificial 


conve 
required and found to be more 
uniform and dependable. Greater eom 
fort is provided bee workers are 


ed to the 


net expe large 
brought sky 

(b) Building 


aw-tooth 


OX ot 


are generally of mont 
Usually 


high bay > 


tor ofr root types, 


the buildings are relatively 


especially those where large overhead 


eranes are employed for material 
handling or for the making and pour 
ing of large molds 


1.2.3 


Utilisation of Daylight The 


majority of foundries operate 


nermally on a one shift basis, but in 
many 
third 


maintenanee of quality produetion in 


mechanized plants, second and 


shifts are also worked. Since 


volves the provision of seemge 


eonditions during all of the working 


hours, the hehting system should meet 
the seeing requirements of hoth might 


work 


in the northern 


work and day (especially or 


dark days 


a majority of the 


states where 
foundries are lo 
ented) The recommendations of this 


report, therefore, provide desirable 


amounts of artifieml light without de 
pendence on daylight. For information 
on techniques for utilizing and con 
trolling since most foundrie 
already have large window areas for 
licht and ventilation, the reader is re 
ferred to the LES 
Practice of 
1.3—Quality Control in Foundries 

(a) There are 


oceur in eastings ineident to methods 


ommended 


Davlichting. 


certain defeets which 


of manufacture. These are no more 


prevalent or serious in the foundry 
than they are in any other 


Nevertheless, if the foundry 


industry 
industry 
industry did not exercise control of 
the quality of the produet, it is very 
possible that the quality would deterio 
rate greatly 

(b) Quality control in the foundry 
is, for a large part, a seeing task. A 
casting meets the tolerances specified 
because patterns are carefully checked 
flasks are in 


against the drawines; 


spected for fit; cores and molds are 
inspected for size, accuracy and align 
ment; eore clearances are gauged prior 
to mold closing; eastings are checked 
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Figure 1. Foundry process flow chart. 


against templates and gauges; surfaces 
are inspected and defective castings are 
sorted out, 

(c) All of the above operations can 
be made more positive and quicker by 
proper lighting. The workman, as well 
as the inspector, must be able to see 
his work clearly to prevent defective 
castings. For example, small pieces of 
sand must be removed from the pattern 
if the next mold to be rammed is to 
have a perfect mold cavity contour. 
The molder must see this small piece of 


sand in order to remove it. 


2. Foundry Operations 
and Areas 


(a) In general, the operational areas 
in a foundry may be grouped in four 
major classifieations : 

(1) Mold and core preparation 
(sand handling) 
(2) Melting and pouring 
(molten metal preparation and 
handling) 
(3) Finishing 
(grinding, cleaning and machining 


castings) 


(4) Service and miscellaneous 
(receiving, shipping, inspection, 
ete.) 
(b) The 
shown in Fig. 1 is typical of ferrous 


It will be noted, however, 


sequence of operations 
foundries. 
that in malleable iron foundries there 
is an additional operation inserted 
after the casting has been shaken out 
of the mold sand. This annealing op- 
malleable 


eration is characteristic of 


iron and is deseribed under Section 4. 


3. General Lighting 
Recommendations 
3.1—Footcandle Levels and 
Lighting Systems 
(a) For most of the foundry areas 
general illumination designed to meet 
tasks is 
mended. The lighting requirements for 


the specifie seeing recom- 
the several processes are covered in- 


dividually in the sections following. 
Both quality and quantity are specified, 
the quality determining largely the 
type of lamp and lighting unit and 


their location, and the quantity deter- 
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TABLE I.—Summary of Illumination Levels and Lighting Equipme 


Footcandles 
Typical Areas Maintained When Mounting Height !s 
in Service® 


Annealing (furnace) . 10 feet and under 


Cleaning 20 


Core making 40-100 
fine 0 **300 500 watt in 


medium 


argce 


medium spread to concentrating 


*Current Recommended Practi« aluminum reflector 


prismatic or mirrored glass reflect 


minimnam values 
High bay units for 5 kilowatt mercury 


Type 


in atmospheres of heavy dirt content and corrosi 
tin certain areas such as core rooma, inspection 


is practical to maintain light colored ceilings 


providing 


(c) High- and 
Incandescent F 
Filament (b) Industrial Medium-bay 
Fluorescent 


(a) Floodlamp (e) Reflector Lamp (f) Mercury 


Figure 2. Typical Inminaires suitable for use in Foundries (see Table I). 


mining the footeandles maintained in specitie lighting needs. They are on 


service. The recommendations for the the basis of present day availability, 


principal areas are summarized in and of course do not preclude the use 
Table I. of other or later equipment which pro 

(b) Since the mounting height (in vides equal or better light quality than 
combination with the footcandle level) do the luminaires listed. 


is a principal factor affecting the (c) Lamp wattage and spacing, and 
choice of the lighting units, Table I other layout aspects, are not covered in 
includes a compilation of typical light this disenssion. It is assumed that the 


ing equipments and lamps suitable for — services of a lighting specialist will be 
the areas listed; this equipment is available, or published data on light 
then grouped in terms of mounting ing calculations will be used to deter 
height ranges. The suggested units are mine the number of units and their 
shown as a guide to the selection of — location, required to deliver the desired 


luminaires particularly adapted to the —footeandle levels for each area. 
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tCare should be taken to provide surfaces that no 


nt for Foundry Areas. 


Use Lighting Unit Type 


indescent only 


Typical Lighting Units See Figure 


Grinding & Chipping 10 (plus 
ipplementary) (Open or Enclosed) Number 

Inspection 

fine 100 A Direct! filament unit atts and under side spread distiibution 2a 

medium fine 50 percelain enameled dome reflectors 

medium 30 vered bow! diffusors 

prismatic or mirrored glass retlectors 

Molding aluminum reflectors 

medin 50 Type B Direct?! aondustrial fluorescent luminaires having reflecting surfaces 

ital for foundry use, eg porcelain enamel, aynthetic enamelt, 


aluminuan 


| 
Pouring 10 Ivpe ¢ Direet filarnent and mereury JOU te 1500 watt units 2e 
Shake out 9) wide to medium distribution) 
Sorting 10 aluminum reflector 
Shipping & Receiving 7 prismatic or mirrored glass reflector 
10 porcelain enameled metal reflector 

Type D Filament or mercury reflector lamp assemblies 2d & @ 
Cupola charging Type filament and mereury high bay to 1500 watt unite 


distribution) 


or 
vapor lamps 2f 


n deteriorating which permit easy maintenance 
ve fumes 
ireas, receiving and shipping rooms, where it 


and upper side walls, semidirect luminaires 


an upward component of light will provide improved seeing and eye comfort 


3.2— Brightness Environment — 
Painting 

(a) Well lighted areas contribute 
toward making the worker happier. 
The stimulation or psychological lft 
one gains from good lighting has an 
important bearing on the werkers’ 
morale, For instance, if allowed to 
choose their working conditions, work 
ers would choose a cheerful atmos 
phere, such as provided outdoors by 
the sun. The foundryman also gets a 
boost to his morale from pleasant sur 
roundings gained through the proper 
use of light and paint. 

(b) The walls may be painted any 
suitable color as long as they reflect 
the desired percentage of light. When 
ever practical, the reflectanee (per 
cent of light reflected) of ceiling should 
he 75 to 85 per cent, upper walls 50 
to 60 per cent, and dados 25 to 35 per 
cent. 

(c) The finish of walls and ceilings 
and sometimes of machinery and equip 
ment serves a multiple purpose in illu 
mination : 

(1) Sharp contrasts are reduced be 
tween work and surroundings, or 
luminaire and ceiling, when sur 
faces reflecting most of the light 
are used. This contributes to 
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vale 
12 20 A, B or cre 
18-30 B, Cor D 
10-100 Dor 
‘ 
d 
4 { 


greater worker comtort and less 


fatigue. Particular attention 
directed to the desirability of pro 
viding an upward component of 
light to reduce brightness contrast 
between luminaire and background 
These factors contribute to greater 
comfort and less fatiyruc 


More of the 


will reach the worker when 


light from the lumi 


naire 
it is reflected from surfaces having 
a high reflectance. 
the overall efficiency of the light 


This improves 


my system 


Colors may be selected for im 


proved psychological environment. 
For bluish 


be used to create an impression of 


example, yreens may 


coolness, 

(d) No color matching tasks restrict 
the selection of light sourees or paints 
a foundry. conventional light 
source of almost any color quality may 


he used 


4. Specific Lighting Recommenda- 
tions for Operating Areas 


4.1—Core Making Area 
The three general methods used to 


cores are hand ramming, 


and machine rammed cores are formed 


form sand 


machine ramming and blowing. 


by packing the sand in the core boxes 
by hand or machine. Core blowing ma 
chines inject the sand into the core box 
and pack it tightly by means of com 
pressed air. Core blowing machines 
are unique in that the core maker does 
not have to handle the sand. 

4.4.1 (a) The follow 


ing operations are generally performed 
the 


Seeing Tasks 


in making cores, regardless of 


method of packing the sand. 
(l) The 


are cleaned by air blast and the 


two halves of the eore box 
cavities inspected for any foreign 
material or sand remaining from 
the previous core 


(and sometimes ¢ lamped ) tovether 


eore box halves are joined 
and placed ona core tray 
is filled and tightly 


han 


with 


The core 
packed 
Wires are inserted, when required, 
and the sand is leveled off at the 
top of the box 

The then 


parted to leave the completed core 


box is earefully 


or cores on the tray. 


(4) The cores are briefly examined for 


Lighting for Foundries 


ROW 


FLUORESCENT 
LUMINAJRES 


so BOX 


Lighting for core making. 


Figure 3. 


flaws, and, when necessary, rough 
spots or heavy parting lines are 
smoothed over with a small trowel. 

(6) The cores are set to one side, and 
the above operations are repeated 
for the next core. 
(b) 
the maker are involved in 
(1) (5). Thus the 


task is primarily one of inspeeting in 


The most eritical seeing tasks 
for core 


steps and visual 
tricate shapes involving horizontal and 


The 


severity of the task varies with the size 


vertical surfaces and cavities. 
of the cores, their intricacy and the 
degree of perfection required. Cores 


may range from the size of a small 
button to approximately 1x 3 feet. A 
cluster of as few as six grains of sand 
could result in an imperfection. Since 
it is usually done on a piecework basis, 
core making is a rapid and continuous 
operation requiring an almost instan 
frequent, but 


taneous immspection at 


interrupted, intervals. 
(c) 


dium brown, but black sand is also em 


The sand used is usually a me 


ploved tor some types ot cores, Core 


boxes mav be of metal or wood, the 
latter generally being finished with 
erange or black shellae. The contrast 
between the sand and metal boxes is 


fairly good, but it is extremely poor 
hetween brown sand and orange shel 
lacked boxes or black sand and black 
hoxes. Contrast and seeing eonditions 
may be improved considerably by fin 
the 


with white paint. 


surfaces of wooden 
Metal 
cause annoying specular reflec 
light 
tops 


ishing nner 


hones hoxes 
may 
brightness 
Beneh 


having a light, natural wood finish are 


tions if small high 


sources are employed. 
both practieal and very desirable, for 
they can be kept clean easily and will 
provide a comfortable visual environ 


ment with low brightness ratios. 


4.1.2—Physical Characteristics —Com- 
pared with other foundry areas core 
rooms are generally 
but they 


located in the same general area with 


relatively small 


and clean, are sometimes 
molding or other foundry operations. 
Truss heights may be fairly high, but 
are not necessarily so since generally 
little 


Ceilings and overhead trusswork should 


vertical clearance is required. 


be painted a high reflection factor 


white, and walls may be any light color 


with 50 to 60 per cent reflectance. The 
paint finish should be semi-gloss. 
4.1.3- -Laghting Requirements (a) 


The amount of light required depends 
upon the size of the cores and the de- 
gree of perfection required. Maintained 
levels of 30 


provided for average core 
I 


illumination footcandles 
should be 
making, but lighting levels up to 50 
footeandles may be found advantageous 
for making accurate 


eore requiring 


control of contour and dimensions or 
where the core and box have partien 
larly poor contrasts, 

(b) Large area, low brightness light 
sources should be employed to mini 
mize specular reflections from metal 
core boxes and to provide more uni 
form brightness on complex surfaces. 
Such sources, providing a wide dis 
tribution of light output, will also con- 
tribute to adequate illumination on 
vertical surfaces of core and core box 
and will minimize shadows 
the the 


naires may be mounted at heights of 


cavities 
within cavities. Since iumi 
less than 12 feet, adequate shielding 
must be provided to prevent annoying 
glare. 

4.1.4—Lighting Recommendations 
(a) Industrial luminaires providing at 
least 


cent and 17 degrees for filament lamps 


l3-degree shielding for fluores 


are well suited to the requirements of 
core room lighting. For low mounting 
heights (under 10 feet) two lamp fluo 
rescent luminaires equipped with a 
longitudinal shield between lamps may 
he employed to provide at least 23-de 
further reduces 


A loeal- 
usually 


cree shielding which 
direct glare from the lamps. 
ized general lighting system 
vields excellent results. The luminaires 
should be centered over the workers’ 
side of each bench running parallel to 
the bench and at right angles to the 
normal line of sight. See Figs. 3, 4 
and 6. 


(b) Where 


the benches are located 
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ou greater than 10-foot centers a gen 
eral lighting system is desirable. This 
may consist of industrial luminaires 
mounted at least 12 feet above the 
floor. Where only certain benches 
within the area require the higher 
lighting levels, supplementary lumi 
naires may he added above such 
benches, positioned as deseribed above. 

(c) The physical surroundings and 
somewhat critical tasks in the eore 
room area warrant consideration of 
lighting equipment providing an up- 
ward lighting component for improved 
eye comfort. Since little dust is pro- 
duced in core making, open reflectors 
are generally satisfactory. When the 
core room is so located that other foun- 
dry areas affect its atmosphere un 
favorably, closed end reflectors with 
glass covers or dust-tight luminaires, 
or open types with vents around the 
top to retard dirt accumulation may be 


employed. 


4.2—Molding Area 


Although the great variety in prod 
uct size and contour prevents exact 
elassification of the processes of mak 
ing molds, groupings can be employed 
on the basis of the operations per 
formed. The first is machine molding; 
this usually involves small and medium 
sized castings which are produced in 
such quantities that one or more mold 
ing machines can be operated continu 
ously on patterns of the same general 
nature, The second classification is 
hand molding. This includes the range 
from small to very large patterns 
Here individual molds are made, duc 
either to the large size preventing the 
use of molding machines or the small 
volume of a given casting making it 
uneconomical to employ the machines. 
Small molds are usually made on 
benches and large molds on the floor. 
The selection of the lighting svstem 
usually is based on both the location 
of the task and the structural aspects 
of the building 


4.2.1—Seeing Tasks (a) The sand 
mold is formed by packing treated 
sand in a flask around a pattern of the 
piece to be produced. The pattern is 
withdrawn after packing to form a 
cavity in the sand. Sand cores may be 
placed within the mold to form voids 
or cavities not produced by the pattern, 
to complete its preparation. The flask 


comprises upper Ceape) and lower 
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Figure 4. Core room with localized general lighting utilizing three-lamp direct 
fluorescent luminaires (Type B installation). 


(drag) halves which, when assembled, 
form an enclosed cavity into which 
molten metal is poured. In some eases 
molds are built up entirely of cores. 
(b) The seeing tasks involved in 


forming molds from treated sand are: 


(1) Inspecting the pattern for foreign 
material. 

(2) Setting the pattern in the flask 
and packing sand around it 

(3) Removing the pattern and inspect 
ing the mold for loose sand and 
for accuracy of mold contour. 

(4) Inserting core supports and cores; 
operator must be able to see the 
core supports. 

(5) Smoothing mold surfaces, chee. 
ing core position, and checking 


clearance between parts 
(c) The eritieal seeing tasks are 


(1) of the mold. 
(2) Placing of the cores and chaplet 


supports, if employed). 


(d) The size and detail may vary 
through a wide range. The smallest 
size has a visual angle of about 10 min 
utes, corresponding to the size of sepa 
rate grains of sand. A defect involving 
the presence of only 5 or 6 grains ot 
sand out of place will cause imperfec 
tions in small castings. 

(e) The more exacting seeing tasks 
are repetitive, and interrupted-short 
time rather than prolonged in duration 
Cavities as well as three dimensional 


or plane surfaces are involved, so that 


both vertieal and horizontal iilumina 
tion must be provided. The contrasts 
are poor since the mold details and 
their immediate baekgrounds are all 
dark sand, flasks and benches, The 
cores are usually medium brown in 
color giving fair contrast conditions 
against the blaek sand. Where light 
metal patterns are employed, a reason 
able degree of contrast may exist be 
tween the sand particles and the pat 
tern surface. The mold surfaces are 
dark matte. The general background 
brightnesses are usually low except 
where the dark walls of the building 
may have welb laminated windows in 
the field of view presenting a glare 
ouree on bright days. The task is 
statronary The aeenraey oft 
the inspeetion is completely dependent 
on a quick appraisal of possible dan 


4.2.2—Phuysical Characteristics (a) 
Most molding Thensure 

mately 20 x 20 feet or larger, depend 

ing on the type ot building construe 

tion and the way the bays are adapted 
to the molding operations. For very 
large molds, seetions of a building 60 
feet or more wide and LOO feet or more 
in length and served by an overhead 
erane may be used. Overhead obstrue 
tiens usually include the sand hoppers 
at each molding position, the beams of 
low ceilings, and the erane if used for 
larger areas. Particularly during the 
vinter months the atmosphere may be 


fovev or smoky. The walls and ceiling 
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as are the floors 


accident 


resulting 


tripping over 


object 


hazard 


h 


the 
molds, flask 


obstructions, 


Molding machine area for small castings (up 
18 inches maximum dimension) with conveyor on 
one side and traffic aisle on the other. 
industrial luminaires provide 
horizontal footcandles maintained in service and good 
vertical illumination for the mold cavities. 


are usually a matte black or dark gray, 


leached 
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Figure 6. 


4.2.3 The 
livhting is required for an intermittent 
task 


terials 


Lighting he quirements 


involving critical seeing of ma 


having low reflection 


and brightnesses and contrasts of 
most unfavorable nature. Mold eavities 
of various depths require good vertical! 


iHumination without harsh shadows, 


Figure 7. Medium-bay molding and pouring area illuminated by two-lamp direct 
fluorescent luminaires mounted 16 feet high (Type B installation). 


factors, 
the 


Lighting layout for core or bench molding 
along a wall. 
trial units mounted 7 to 9 feet above the floor directly 
over the molding machines or benches will provide 50 
footcandles on the work. For relatively deep molds, 
projector spots or similar local lighting unit can be 
added to improve cavity lighting. 


A continuous row of fluorescent indus- 


4.2.4 
(a) Because of the very dark surfaces 


laghting Recommendations - 

and necessity of detecting small sand 
accumulations 50 footeandles is reeom- 
mended, Fig. 5 shows a typical light- 
ing arrangement for molding machines 
to 18 
maximum dimension) with a conveyor 
traflie the 


Fig. 6 gives an equivalent lay- 


for small castings (up inches 


on one side and aisle on 
other. 
out for molders lined up along a wall. 
For relatively deep molds where the 
lighted the 


continuous row system, individual pro- 


cavities are not well by 


jector spots or similar local lighting 


units can be located as shown in Fig. 6, 


to supplement the general lighting 
svstem. 

(b) For the areas in which large 
molds are made and for which the 


ceiling or roof truss height may be 25 


feet or greater | well as for areas 


as 


served by cranes) a general lighting 


system using high wattage sources such 
as ineandescent filament or 400- to 
1000-watt mereury lamps or a combi- 
ot 


lamps of approximately equal lumen 


nation mereury and ineandescent 
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footeandles of 
the 


Reflectors to give medium 


output to deliver 30 


illumination will meet usual re 
quirements. 
spread rather than concentrating dis- 
tributions should be employed in order 
that the illumination for vertical sur- 
faces will be adequate. 

(c) 
mounting height is 
the 3-kilowatt 


with widespread distribution for ver 


In high-bay wide areas where 
10) feet or greater, 
mercury lamp units, 
tical illumination, may be used to pro 
vide fewer lighting units for mainte 
nance. As with all types of mereury 
lamps, incandescent units should alse 
be employed to provide safety lighting 
immediately after a possible power in 
terruption., 

(d) Since maintenance of the light 
ing equipment may be more difficult 
under high mounting conditions, high 
wattage reflector bulb lamps spaced to 
provide the desired illumination may 
be used to facilitate 
through lamp replacement. 

(e) The 


wattage incandescent 


maintenance 


high 
the 


combination of incandescent and mer- 


choice of whether 


alone, or 


eury, or 3-kilowatt lamp units or re 
flector lamps will be dietated largely by 
the economic aspects of initial costs, 
energy costs, lamp replacements and 
for each lighting 


maintenance costs 


system. 


4.3—Charging, Tapping, Shake-Out 
and Heat Treating Areas 
The seeing tasks in these areas are 
The 
tion is usually safety of the worker. 
4.3.1—Charging 


Cupolas are charged with scrap metal, 


not exacting major considera 


and Tapping 
coke and limestone for melting in this 
area. The charging floor for the cupola 
is similar in most types of iron foun 
dries. In steel foundries, open hearth 
or electric furnaces are used. Large 
and small pieces of scrap metal are 
handled with skip hoists, industrial 
trucks, cranes, charging machines or 
monorail system. 


(b) 


with 


The eupolas are usually closed 
the 
which the ladles are lined. 


materials with 


The plug 


much same 
(in the shape of a truncated cone) is 
placed in position with a “batted” pole. 
In tapping, the plug is broken out with 
the pole. 

4.3.2- 


moved from 


Shake-Out — Castings are re 


the molds and freed of 
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Figure 8. Large molding and pouring area with 1000-watt filament and 400-watt 
mercury lamps in enclosed dust- and vapor-tight high-bay reflectors (Type E 
installation). 


High-bay general foundry area illuminated by 3-kilowatt mercury 


luminaires (Type F installation). 


Figure 9. 


4.3.3 


lowing sequence of operations: are 


Heat Treating Small castings 


prepared for charging annealing 


sand in the shake-out area, in the fol 


foundries, 


(1) The mold is dumped on the vibrat furnaces in malleable iron 


These small castings are packed ecare- 


ing grates of a shake-out table, or 


on the foundry floor. fully by hand in pots so that they will 


Loose material is packed 


(2) The castings are removed and not warp. 
placed in tote boxes, on conveyors — around these eastings so that they heat 
or in some other handling device. evenly since fuel-tired furnaces are 
(3) In some cases, the workers knock usually used. The main considerations 
the gates and risers from the cast of the seeing tasks are safety, and 
ings packing eastings for annealing so that : 
The most critical seeing task is the they will not warp 
removal of gates and risers. All see 4.3.4—Lighting Requirements Cur 


rent recommended practice for charg 


ing tasks are relatively simple, with 


ing, tapping, shake-out, and heat treat 


safety the major consideration 


Lighting for Foundries ISD 
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Figure 10. Medium-bay molding and pouring area illuminated by 500-watt reflector 
bulb lamps (Type D installation). 


mg 10) tooteandles 


general illumination. Lighting ter 


safety is a baste requirement 
4.3.5 


Direct lighting luminaires of high, me 


Lighting Recommendations 


dium, and low bay mounting design 


should be used, depending upon the 
mounting hemht. The luminaires should 
be mounted as high as possibie for 
worker comfort. As few luminaires of 
iis high wattage as practical should he 
used in order to eut maintenance to a 
minimum, Supplementary lighting may 
be required direetly over the seales. A 
should be used 


fluorescent luminaire 


tor low mounting height 
4.4-—Pouring Area 
(a) The 


metal in the 


molds are filed with molten 
The worker 
the heht 


from the hot metal toe see the pouring 


ine aren 


m flores! te depend upon 
basin on 


opening unless adequate 
provided Pouring is done on 


moving conveyors mn mechanized foun 


dries, or at stationary molds on the 
(b) The peer operations 


in foundries are 
(1) Molds are 


ought 


lawl in rows on the floor. 


or are info the pouring 
nren on eonvevors 


(2) Molten 


aren 


metal is brought into the 


ladles by 


monorail svstems 


means of 
ernie or 
(3) The metal is either poured directh 


rites the 


from large erane 
operated ladles, or from small 
manually-earred ladles whieh are 


filles! treo the 


Lighting for Foundries 


most 


441 Tasks (a) The 


exacting seeing task is aceurately di 


recting the molten metal into the pour 
ing basin. If the pouring basin is not 
hit accurately, splashing results. This 
splashing may push sand into the mold, 
eausing rejects, as well as resulting in 
burns for the workers. 

(b) The eves of the worker have to 
adapt to the bright 
molten metal with the dark surround- 
This affects the safety of the 


Undue hazards, particularly 


contrast of the 


worker 
from handling molten metal, may re 
sult if there are poorly lighted obstrne 
tions on the floor, 

(c) The size 


varies from a minimum of 11. 


of the pouring basin 


inches 


in diameter to 7 imehes. The seeing 
tusk is an interrupted one on a hori 
zontal plane. The mold is made of 
dark sand whieh provides a matte 
finish. The sand in the pouring basin 


provides ne contrast for the worker to 


see the opening. The floor of the pour 


ing area usually provides a dark, 
poorly contrasting background. The 
sharp contrast between the molten 


metal and the dark background is often 


moderately glaring. 


4.4.2—Phusical The 


pouring area is usually adjacent to the 


Characteristics 


molding area, varving from a medium 
to a high bay ceiling. It may alse vary 


from oa relatively small area as part 
line to a 


floor 


sometimes 


ef a convever production 


large area covering the entire 


Overhead obstruetions are 


eranes or monorail svstems, as well as 


ladles. The atmosphere is often full of 
This makes it diffi- 
cult to keep luminaires, walls, and ceil- 


smoke and steam. 


ings clean. 


4.4.3—Lighting Requirements 


(a) 


Since no critical seeing tasks are pres 


10-tootcandle level is satisfac 


tory under maintained conditions. Light 


ent, a 


is required mainly for safely and 
adapting the eve to brightnesses which 
will minimize sharp contrast caused by 
Molten 
metal carried up and down aisles, if 
the 


floor, provides hazards. Importance is 


brightness of the molten metal. 


combined with obstructions on 
placed on keeping the aisles well lighted 
for safety 


(b) 


-hould be provided with a minimum of 


Uniform general illumination 


shadows and with shielding angles of 
at least 


and 13 


17 degrees for incandescent 
degrees for fluorescent; these 
shieldings are acceptable characteris- 
ties of 


conventional industrial lumi- 


naires. Horizontal illumination is the 
main consideration, with vertical illu- 


mination secondary. 


4.4.4—Lighting Recommendations — 
(a) Direet 
high, medium and low bay mounting 


lighting luminaires of 


design should be used, depending 
upon the mounting height. The lumi- 
naires should be mounted as high as 
possible to keep the sourees out of 
the normal visual field to improve 
worker eve comfort. As few lumi- 
naires of as high wattage as possible 
in order to cut 


should be used main- 


tenance to a minimum. Practical 
maintenance considerations usually in 
dieate the selection of filament or mer- 
Choice of 


naire type (open or enclosed) is dis- 


cury vapor sources lumi- 
cussed in Seetion 5. 

(b) The low visibility of the pour- 
ing basin ean be improved by placing 
white parting sand about the opening 
in order to improve the contrast and 
visibility. When 
the the 
the general location of the pouring 


weights are used, 


opening in weight indieates 


basin. This provides desirable con- 
trast 
4.5—Cleaning Area 

After the easting leaves the shake- 
remey ed 


the 


out area where it has been 


the 


cleaning operation in which adhering 


from mold it is ready for 


sand and any other foreign materials 
are removed. This operation may be 
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basically mechanized by the use ot 
mechanical blast cleaning machines o1 
tumbling barrels for smaller castings. 
It may be largely manual as in the 
use of shot or sand blast for cleaning 


small or large castings. 


4.5.1—Seeing Tash (a) Where me 


chanical blast cleaning methods are 
used, the seeing tasks consist first, of 
loading the machine and second, of 


examining the castings to determine it 


they have been adequately cleaned 
Where manually directed shot or sand 
blasts are used, the additional task of 
seeing to direct the blast is a factor. 
The only task requiring better illumi 
nation than that dictated for safety i- 
the However. 


even this is not a severe task sinee very 


inspection operation. 


small amounts of adhering sand need 


not be detected, Interrupted, rather Figure 11. Pouring molten metal 


than prolonged, seeing is required 
When goggles or helmets are worn, 
additional light should be provided to mounting heights. It adequate main 
compensate for resulting obstruction of tenance is planned and atmosphere re 
vision. mains relatively clear, high bay incan 


(b) 


good during the inspection, since rela 


descent luminaires in higher areas will 


Contrast conditions are fairly 
be satisfactory. Mercury lighting is 


satisfactory, but is not generally indi 


tively dark sand is to be detected 
against the metal which has been ated unless higher than a 10-foot 
somewhat brightened by blasting or  #ndle level is planned, because of re 


tumbling. However, quite low bright sulting wide luminaire spacing with 


nesses prevail in the background and resulting objectionable shadows. Refle« 
ackg 

surrounding areas tor lamps or angle type incandescent 
luminaires are desirable to provide the 


4.5.2—Lighting Requirements Reeom necessary supplementary lighting 


mended good practice calls for approx around and into the mouth of the ma 
imately 20 footeandles of maintained ying 
in service illumination at and about (b) In blast cleaning rooms, a gen 


the machines. A ten-footeandle level is eral lichtine «ystem is again to be de 


adequate for non-operating and traffic nived outlined above. Tlowever, in 


areas. However, where pressure blast these areas partienlar attention should 


ing is conducted inside eabinets and be given to chore of to 
observed through windows, or where ninimiz depreciation due to dirt. This 
operators wear goggles, these ralues ‘= dinenened in Section 5 

should be doubled. Reasonable uni (c) Where blast cleaning eabinets 
formity is desirable and with a general) aces are need. the general room light 


lighting svstem, adequate vertieal illu 
the 


supplementar \ 


mination will result) for simple 


tasks. Tn 


lighting through the use of units placed 


-WIDE SPREAD INCANDESCENT AMENT 
LAMP REFLECTORS 


addition, 


CONCENTRATING 

REFLECTORS 
FOR VERTICAL 
ILLUMINATION 


to Hlaminate loading openings and ad 


lacent 


area is desirable. Conventional 


shielding angles of 15-degree minimum 


for fluorescent and 17-degree minininn 
for incandescent are adequate. \ 

HEAT TEMPERED 
4.5.3—Lighting Recommendations 
(a) 


general lighting system of 


For mechanical cleaning areas, a 


industrial 
Lighting for a sand blast 
house. 


incandescent or fluorescent direct lumi 
at 


Figure 12. 


naires should he used moderate 
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into molds on the foundry floor. 


should be supplemented by reflee 


tor lamps or by directional incandes 
cent the 
cabinet and projecting their light in 


luminaires mounted outside 


side through tempered glass windows 


as shown in Fig. 12. 


4.6—Grinding and Chipping Areas 
(a) 


ally accomplished by first breaking off 


Removal of excess metal is usu- 


the greater part of fins, sprues, risers 


and gates with a hammer; second chip 


ping remaiming projections down fur 


ther with hand or power chisel: and 


third grinding to a finished condition, 
15.) With quite 
small eastings, tumbling in the eleaning 


(See and 


Figs. 


operation may have removed or 


exeess metal in fins, ete 


(b) Whether cexstings are lerge or 
small, the basie operations are the 
sume, the difference being ino whether 
the ensting is small enough to be 


handled and taken to the machine, or 
the 
ing as a portable machine 

(c) 


grinding is usually to remove unwanted 


grinder must be taken to the east 


The purpose of chipping and 


projections ete, but sometimes grind 


ing is used to obtain closer tolerances 


on certain dimensions, flat or shaped 


surfaces, Disk grinding is typieal 


operation used, for example, to obtain 
a flat surface against which other parts 


must sent. 


4.6.1 


the chipping operation does not entail 


Seeing Tasks (a) In general, 


unduly difficult or critical seeing,’ for 


IRT 
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Figure 13. 


although the contrast is poor, the accu 


required is low llowever, the 


grinding requires accurate seeimg for 


what may be prolonged repetitive pe 
riods, The operator may have to grind 
to a fine seribed line, to a. slipover 
template of a finished east surtace 


Further, the enstinge may present are 


flected glare source from speenlar sur 


faces where it has been ground, and 


for satety reasons the operator usu 


ally must wear goggles which may tur 


ther impair his seeme 


(b) Surrounding 


depending on 


conditions will 


vary operations 


conducted in adjacent areas, but in 


general they are about average indus 
trial conditions typreal of heavy indus 


try, with dark eeiling, floors and walls 


interrupted by unpleasantly bright 
window 
4.6.2 —Phusical Characteristics Grind 


likely te 


minor and feet 


ing and chipping areas are 
exceed feet in 
and have 


from 10) feet te 


im major dimension may 


hemhts of anvwhere 
OO feet, although of course hicher ceil 
ings occur only where eonvenience dice 


tates choiwe of such an area. Overhead 


obstructions may be considerable in the 
grinder exhaust 


form of supports, 


hoods, cranes, ete. Atmospheric condi 


trons are fair 


4.6.3 
Tasks of the 


Lighting Requirements (a) 


nature of chipping re 


USS Lighting for Foundries 


Foreground, chipping of castings; center, load of castings about to 
enter annealing furnace. 


quire approximately footeandles of 


maintammed-in-service illumination so 
irranged as to produce uniform hori 
vontal and vertieal illumination. 

(b) Ordinary grinding will require 
at least 


vrinding will 


footcandles. Accurate 


require an additional 50 
footcandles, usually provided by sup 
plementary lighting. Large eastings 
finished by portable or swing grinders 
require particularly good uniformity 
in the area with adequate light on ver 


tienl as well as horizontal surfaces, 


commendations 


1.6.4 / ighting Ry 


(a) In areas devoted solely to chipping 
and removal of gates, fins, risers ete., a 
veneral lighting system utilizing indus 
trial incandescent or fluorescent lumi 
naires should be used in low bay areas. 


Where mounting heights are greater 


FLUORESCENT 
LUMINAIRE 


OUST-TIGHT 
COVER 
7 
GRINDER 


Figure 14. Lighting for a stand grinder. 


than about 20 feet, high and medium 
and/or 
Selee 


bay luminaires (incandescent 


mereury vapor) are indicated. 
tion of luminaire distribution and lamp 
sizes should be such as to give uniform 
horizontal coverage with adequate 
overlap so that vertical illumination is 
maintained. Luminaire location should 
be such that shadows of the worker are 
not cast in the work area, 

(b) A general lighting system simi- 
lar to that deseribed above is also 
desirable for areas where swing grind- 
ers or portable hand grinders are used. 
However, a larger number of lumi- 
naires and/or larger lamp sizes are 
required to provide the higher lighting 
levels recommended. If large eastings 
in these areas are repeatedly placed at 
grinding with 


the same location for 


these movable machines, a localized 
general lighting system of fluorescent 
luminaires may be applied economieal- 
ly with the bulk of the luminaires con- 
centrated above grinding locations. 
(c) Where permanently located 
grinders are used for the finishing of 


smaller hand-held eastings, either a 
general plus loeal lighting system or a 
general may be 


localized sy stem 


adopted. A satisfactory location of a 
supplementary luminaire is shown in 
Fig. 14. 

(d) In all grinding areas, large area 
low brightness luminaires employing 
fluoresent lamps are preferable to in- 
candescent or mereury because of the 
specular nature of the ground surfaces 
and because each grinder may perform 
normal 


inspection operations the 


eourse of his work 


4.7—Inspection and Sorting Areas 


(a) In a foundry as in many high 
production industries, inspections are 
generally conducted at many inter- 
mediate stages in the production of the 
complete product. In foundries the 
inspections at some stages are either 
combined with the particular operation 
or at least performed in the same im- 
mediate area. Where this is the ease, 
the inspection task will dictate the nee- 
essary quality and quantity of illumi- 
nation, 

(b) Typical of these conditions is 
the core- 


the Inspection of eores by 


maker prior to baking. Similarly, 


pieces may be serapped by the shake- 
out handlers or by grinder operators, 
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If 
a. f 
| 


Figure 15. 


Cleaning and grinding: (a), 


(b) and (c) close-ups; 


(d) low-bay area illuminated by three lamp enclosed 


direct fluorescent luminaires (Type B installation). 


thus saving subsequent labor on dete: 
tive parts. Sorting is trequently cou 
bined with inspection of small castings 
(c) As in 
task, 
lines of precision of workmanship re 
quired in the finished part. The ger 
eralization may be made that extreme 
likely 
and small easting 
ing Tasks (a) The 


sorting are 


precision is more to be 
Im medium 
4.7.1—Se 
tions involved it 
visual recognition of different castings 
so that they mav be 
proper bins, barrels ete. The visual 
task is repetitive, but not at 

(b) Inspection of the 


hand usually 


all severe 
product, on 


the other entails more 


severe visual task even with rongh east 


ings, since eracks, small missing 


MAY 


any industrial inspeetion 


classification he made along 


required 


segrevated into 


lections, corners 
surface impertections must he detected 


With the task is highly 


and rapidly repetitive 


small parts 


(c) Contrast conditions on the part 


itself are usually poor, and surround 


ing conditions may be poor to tam «de 


pending on the degree of atmospher 


cleanliness attamable. Ino some case 
castings nute 


blocks 


holes and 


large 


motive evlinder require minute 


serutiny of eored puissage 
with a view to maximum precision, 


4.7.2. Requirements (a) 


For se parately located 


Lightina 
sorting 


light 


ri 


tions, the amount of required 


will vary directly with required speed 


and inversely with easting size. Level 


of 10 footeandles are satisfactory in 


most eases, with a general lighting di 


small deteet. ane 


Lighting for Fou 


tribution and no particular emphasis 
on Vertical illumination, 

(b) For inspection areas the follow 
recommended 


my levels are current 


practice 


Footcandles Maintained 
in Service 


Class of 
Inspection 
Medium 30 
Medium fine 


bine loo 


high 


uniformit is desired, to 


general, a devree ot 


(c) In 
horizontal 


vether with adequate wide beam spread 


to provide vertical illumination, Shad 


ws must be minimized and large area 


luminaires are desirable, Sometimes 


portable hand lamps are required for 


inspection of cavities very large 


eastings. Because of the relatively high 


289 


(b) 
(a) 
~ 
(d) 
(c) 
aa 
ris 


level required for medium tine and tine 


inspection, localized general or local 


lighting systems are normally indi 
cated, the former where inspection Is 


part of a large rarea 


4.7.3—Lighting Re 
(a) In sorting areas, a 


commendations 
imple general 
lighting system of industrial lumi 
naires may be mounted 4 or more feet 
above the sorting table or conveyor. 
Type of equipment fopen of enclosed ) 
will be dictated by atmospherie and 
maintenance conditions, 


(b) For “medium” 


systems will also 


inspections, gen 
suffice 


Fluorescent luminaires may be used for 


eral lighting 


redueed reflected glare and improved 
diffusion of light 
(c) “Medium 


speetion on the other hand sometimes 


fine” and “fine” in 
require special lighting treatment. <A 


eriss-eross grid of fluorescent lumi 
naires will provide maximum diffusion, 
eliminate shadows, and 
level of 


ment 


build up the 
This 
lighting cavities 
ete. Mounting height should he 


illumination arrange 


alse assists in 
more feet ahove the inspeetion work 
level. 

(d) The physieal surroundings and 
somewhat erttieal tasks in this inspee 
thon aren Warrant consideration of 
luminaires providing an upward com 


ponent for improved eve comfort 


48 Storage and W archousing 
Areas 
In general, no exacting visual tasks 


ire involved inp foundry forage and 


warehousing aren Material awaiting 


shipment is often temporarily stored 
on the open floor, and general illumina 
tion from conventional industrial tila 
ment or fluorescent units te provide it 
(maimtared in 


footenndles service) 


meets the task requirements. For ma 
terial 


either the 


tored bin Which mav he 
produet awaiting shipment 
or more 


pattern or spare 


parts, lumination of the bin interiors 
and the aisles is best aecomplished with 
fluorescent single lanip trough refleetor 
units installed continuous row ex 
along the full length of the 

aisles, It should he located 


as practicable, usually the 


tending 
bins and 
as low 
hemht of the top level of the upper 
most bin, in order that as much light 
as possible will reach the insides of the 
bin spaces, Special stock bin and aisle 


lahting units, designed to distribute 


Lighting for Foundries 


light as evenly as possible trom top to 
bottom on the face of shelves, are also 


available 


4.9-Shipping and Receiving 


(a) In the shipping and receiving 
difficult tasks 


consist of making out shipment forms, 


areas, the most visual 


checking labels and materials, and in 


some cases, of packing. General illu 


mination of a maimtained-in-service 


level of 30) tooteandles minimum is 


recommended. Conventional industrial 
units of either the filament or fluores 
cent lamp type may be employed, as 
covered in Table I. 

(b) If fluorescent lamp units are 
continuous installa 


with 


employed, a row 


tion can be made every other 
unit omitted and spacing between rows 
to give the desired footeandle levels. 
This provides flexibility in case the area 
should be used for production opera 
tions. Then, for production, an equal 
number of units ean be added at mini 
mum cost to provide double the illu 
mination level in line with the produe 


The 


somewhat 


tion operation requirements 


physical surroundings and 
eritical tasks in the shipping and re 
eenving areas Warrant consideration of 
luminaires providing an upward light 
ing component for improved eve eom 


fort 

5. Maintaining the Lighting 
System 

(a) The 


fume 


dirt, 


and result in lighting 


presence oft dust, 


equipment and lines getting dirty in a 


hort) time Phas, the levels of dhami 


nation obtamed with «a new lighting 


“Vstem «do net prevail tor long, and 


hoe 


In any ease, the mamntenance 


periodie cleaning provided 
tactors 
to be used in caleulation of a satisfae 
tery foundry lighting system are lower 
than tor most industrial work areas 


Particularly the melting, 
pouring, and cleaning areas, the illumi 
nation level may be reduced by 40) per 
cent ina S-month period. In foundries 
where periodie maintenance is not the 
practice, it is net uncommon to tind 
that the footeandle levels have dropped 
te less than one-half of those obtained 
when the lighting system was new, A 
sehedule for periodic cleaning of the 
lighting equipment should be set up 
his should not be less than every tour 


months tor the areas just mentioned 


where the most unfavorable conditions 


exist, and at least every six months 


for the other areas. Even these clean 
ing intervals are not as frequent as can 
usually be justified on the basis of ob 

light at the 
holds 


energy 


most lowest 


This 


investment, 


taining the 


unit cost. true since the 


basic and lamp 


costs continue at the same rate even 
though the illumination is greatly de 
due to the 


dirt on the lamps and reflectors. 


creased accumulation of 

(c) It will be found that for many 
medium and high-bay areas, the use of 
disconnecting hangers will lower eclean- 
ing costs by reducing the time required 
to get at the 


avoiding the necessity for tying up a 


unit for cleaning and 
erane for getting at the high mounted 
units. The disconnecting hangers prac 
tically eliminate the accident hazards 
since cleaning ean be done at floor 
level. 

(d) Particularly with the fluorescent 
lamp equipment, group replacement 
ean be tied into the cleaning schedule 
This is desirable since many lamps will 
continue to operate even though the 
light output has been reduced to 70 per 
initial value, due 


cent or less of the 


only to depreciation in the lamp, inde 


pendently of the effect of dirt accumu 
lation 

(e) Particularly 
wattage lamps used in high bay areas, a 


with the higher 
ventilated type of reflector and lamp 
holder assembly will provide improved 
mammtenanee, in extremely dirty loca 
tions the enclosed dust tight equipment 
may be desirable. Reflector bulb lamps 
mav be used to facilitate maimtenanee 
of light ontput through lamp replace 


ment without conventional cleaning 


1.E.S. Emblem 


The official emblem of the Illu 
Soerety is 
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LIGHTING NEWS OF CURRENT INTEREST 


New SUASTA NG 

Sustuiming Members wer 

recommendation of 4 


Shotwell, Chairman, These are 


the Board of Examiners & ¢ 
southern members to atte s made for Clifford Miller, Chairman 
su essfully was this purpose met that by Executive Seeret irs \ Hinekley, “We tu er W 
‘ 


Folsom, 


d the weleome to Council from his t. tl 


particularly from the ry noe momberal res 
the bsence of Dunean M. Jones 
wine 
i 


Filling the conference room were some 
ention rewran She outlines 


ind 


Tulsa members 


delegation of Texas 


attending the 


the finan 


41 including the following: President Pot ! 
i ei tatus of the to date ined 
M. Strong presiding; and Past President 
exting a sound financial operation for 
Walter Sturrock, Ralph Heitzman proxy ‘ M : Hy 
for S. G. Hibben; R. L. Biesele, Jr. ation, and reported editeria 
' Stu t ' ’ lans for the next several issues of the 
proxy for Vice President Dunean M 
Jones; ¢ \. Patterson proxy for ¢ 
K print thi ear the finaneil respon 
or frener Secretary 
My Hinekley ilse reported for the tv of the Publications Committee, 
teid: irectors Charles R 
Membership Committees R. ts. Slauer reported letter from Mr. Jones 


prints are expected to be made avail 


Long, J. F. Whitehead, Jr.. F. C. | hay 
ler, F Covington proxy for G \\ il 
Beals, Rutherford proxy for Re 


A Palmer, M. Myers, Proxy for 


Schuchert; Regicnal Viee Presidents 


Harold T. Rankin, L. B. Paist, George J 
Taylor, R. Ceeil Paslay, L. A. Hobbs, W 
Folsom, W. G. Darley, proxy for L. ¢ 


Twiehell, V.J. Graham, proxy for Walter 


J. Lind; Exeeutive Seeretary A. 


Crouch and Editor Ruby Redford; L. 
Anderson, Lena May Aulauf, Lee Collins 
J f.. John K, \ N «he *Espenza 


Felton, B. L. Guess, Jr., Elmer il 
Lothrop, 


Ix 


Kimery 
F. Owens, Jr 


COUNCIL MEETING in Dallas gives western and southern members an oppor 
tunity to see the national governing body in action 


TELECAST Lighting Vi ms af Curre wi Lute rest 


May 19955 


P 8 Four 
(ouneil vent “on the road aw ears Minm most tive member me 
stv , for its April meeting, he Ay Ape p. 15A Products 
13 at the Baker Hotel, Dallas, Texas 6615 Milwaukee Avenue he 
Purge se of its southwestern site was to MEMBERSHIP STATISTIA al Representative Gieorge 
action. W. E. Regional VP. Representative — Paul Ducasse 
| 
Region 
mparison with ble to Conference delegates at oa price 
fime of ene of S200 per set Further stud will bv 
Wy 
Ruth Pat N. O. Reed, | 
Following regular Couneil action wit! } fp 
items of which were discussed in d 
J 
tail), finanes nd other business, Coun 
ipproved a resolution on its recent 
n the death of A. ©. Bergh, for mar Zao ‘Ch 


Committee, Street and Highway Light 


commending lighting 
High Bay Areas was dis ng, Hotel Lighting, Publi 


Convevances 


irnmes to eommi Committee and others 

He noted that the Fog 

had been requested 
Purnpike authorities 

ind recommendation on visibil 
Additional offiel interest in 
s indieated by: Distn 
ition bev S. Labor Dept. of the 
new Industri Lighting Practice; ditto 
of LES. Office Lighting Practice by the 
National Offiee Management Association ; 
S. Army ex 


progressing 
Committees ! communieation from the U 


day meetings wer: pressing confidence in LELS. standards 


and request to reprint; request from the 
Forees to attend New York Con 


the Coordinating Committes 
the Color and Illumination Armed 


in number ot i Light Sources, Maintenanes ference sessions 


reported by Mr. Hinekley 
for lhunean M. Jones, Loen! Activities 


Chairmar Some of these imeluded oan 


All Canadian Chapters Represented 
: At Regional Conference in Ottawa 


dent hip Awards at the Michi 
gan Hlege organized by Miehigan 
ve Study Club 
yi f Phere is an undeniable flavor to Cana 


enthus ‘ 
i} ' ind especially j dian meetings a refreshing one to most 


representation eo \meriean visitors f which there were 


‘ht in Ottawa (see box seore 


fontere eu 
tempt to detine it risks deseribit 
the elephant.” Whatever 


“foreign” pupers usually pre 


ent and the Conven 


ch we lines up the ' At Ottawa, two such were in 


highest loeal talent available Plans for eluded, both from England Street and 
a three day convention in Toronto in 154 Highway Lighting was seen in an entire 


Rach of the Regional View Presidents 
literally as well as figura 


got under way before the Ottawa meet ly new light 

or their proxies reported separately at . 
ing even started, with next venr’s dates tively) when W. F. B. Debenham from 

this pommt, on aetivity in bis Region \ 

Gieneral Eleetric, London, stepped to the 

number of sugsrestions ond ideas 

tor procedure were exehanged during 

peneral discussion of successful 

The diseussion was especially valuable, 

mvelving us at did, a number of offieors 


whe cannot attend ‘ 
lhe new Reeommended Practice 
Home Lighting, presented bw Kirk 
or Muar Webber, Chairman, was d 
ne is stand 


The report on the Southwestern 
Regional Conference, which 
followed Council Meeting in 
Dallas, April 14-15, will appear 


in the June issue of 1.E. DISCUSSION period during a technical session at the Canadian Regional Con 


ference. 
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ending to recommendation on \ report re 
future po Centr Stutior 
The (‘ommittes reported that rye cussed ned ret 
LES. and publication disy panels further stud 
bee ent eneh Regior ('onferene ned \ weed 
that portable dist ennes piven tent 
¢ nfer metihers th ‘ 
af the tent lite 
j 
fur 
af the LES / htina Hand ‘ tore } 
hook pointed te i need for reprinting | neal 
the end of the ene wit! stend Society's Teehnic 
tribution of about 150 books per month fullday and/or two ie 
reported for 
contests for “My Most Interesting 
°° — 
ing Job” held | 1.E.S. Seetions and 
‘ hendline news ss the ut 
Chapter ree lighting conferes eat 
sume more and more ft) miy a 
ducted by G. W. Frederick, Local Repre 
notional meetings, Tn the it is, 
eentut ~ j | Stl 
well as others, this it adds so materially to the importance 
Professor Strong reported to Couns 
; mrt meeting is The Convention \t of the event. and to the gaiety of the 
ow ul ‘ Regio ‘ 
Citta Moar mid sessions witl social program, some mention is in order 
beled Gott ned lu 
‘ organized discussion periods featured for consepentious oft a 
Angel nel of \ t 
bole med they don't) meon Convention onfterence site 
nel owe ttended TELS \ | hd 
og ne eopies of Papers Were the the iurier ndds something, 
Prise of Regie Conte 
te then thre delegates’ ‘ velopes bee sure 
shee It. that the tr ided 
there furts or even Perhaps part of the flavor is in’ the 
rit of members in San Diego, ¢ ' 
y nore, ahead of the 
nnd several rye meetings held thi ee 
Chapter im that territer 
’ : il “is ‘ 
HA 
J 
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At the 


Canadian 


Regional 


Conference 


J. W. Bateman, of the Toronto Section, is Winners of the contest, “My Most Interest- 
being congratulated by Professor E. M. ing Lighting Job,” in the Canadian Region 
Strong, I1.E.S. President, on his recent elec are: tie for second place, W. E. Reny and 
tion to the grade of Fellow of the Society. Romeo Martineau; first place, Benoit Doucet. 


W. F. Nottelman, Toronto Section; T. D. Wakefield, from Four R.C.A.F. people get together at the Conference: r. to 

the Cleveland Section; F. W. New, Hamilton Ontario Chap- 1, H. J. Goodenough and J. H. Rylance, civilians attached 

ter, and W. E. Dalrymple, Toronto Section, talk over some to the Air Force; and W.0.2 R. G. Stewart and FO J. 
no doubt weighty matters. McDonald. 


Inter-Section discussion is held by George Watters, Quebec 1.E.8. V-P Duncan Jones; J. H. Rylance, past chairman o1 

Chapter; J. J. Dawson, Hamilton Ontario Chapter; Joseph the Ottawa Chapter; W. J. Montabone, Conference Chair 

Thomas, Montreal Section; and J. R. Lalonde. All Sections man, and F. C. Mayberry, chairman of the Toronto Section 
and Chapters were represented at the Conference. as seen at the Canadian Regional Conference 
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STANDING at the head table at the 
Executive Secretary, LE.S.; Major G 
D.M 
Labey; E 
Strong; W. J. Montabone, Conference Chairman; Mrs 
Vice President 
ENGINEERING; and M. B 


banquet Marck 23rd are: A. D. Hinckley, 
D. Mills, Chairman, Ottawa Chapter; Mrs. 
Jones; Mrs. W. J. Montabone; 8. G. Hibben, Past President; Mrs. F. P. 
M. Strong, President; F. P. Labey, Canadian Regional V-P: Mrs. E. M. 
8. G. Hibben; D. M. Jones, 
D. Mills; Miss Ruby Redford, Editor, ILLUMINATING 
Hastings, nominee for Canadian Regional V-P. 


Mrs. G 


which 


Was a affair, «a planned program 
. FP. Pattensen, National Researeh for visiting ladies included a tour of the 
neil rant, Approvals Lahers Parlinment Buildings, a trip through th 
Division of \. Ramsey Mint. and inspection, followed bw luneh, 
Servier Iiranel Department of it the Brading Brewery plant 
msport; and View Marshal B. Ged te tom 
Royal Canadian Aire Fores \VM of course, the President's Reeeption and 
wel neheon Banquet and danee, honoring President 
| ti ‘ 


mad Mes. Everett M Professor 


Strong 


uddress, 


Photo Credits 
Acknowledgment and thanks is made to D. F. Knudsen, Editor of Electrical 
News and Engineering, and to E, Victor Manser, Editor of Electrical Digest, 
both of Toronto, for photographs taken at the Canadian Regional Conference 
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Attendance 
Canadian Conference 
Toronto 55 
Montrens 


ter yer 
ng se perure ! 
rom a single log, 
IpeaAs Worrim ‘ 
Mimeographed copies f 
n vd ne the 


ILLUMINATING 


onferener (Chairman W J Montabone 
Nhiea & Seper, Ltd 

ap 1H. Rylanee, Canadian Department 
of Na nal Defen 

Finanes I Kens Northern Electric ¢ 

Registration Wt Pulte Northern | 
Ltd 

Entertair —WM.J. ¢ Canadian We 
‘ 
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u 
. : < 
. ‘ 
a! hite Fellow lapel pin to J. W. Bats 
- man of Toronto, recent elected a Fe aun 
3 low of LES. Mr. Bateman is the third 
Canadian to be so honored, the other 
gag Fellows being Ro M. Love and G. 1 
Professor Strong was on the receiv ny 
end of a presentation also. Ottawa 
Interest 
entir 
papers 
technien 
Sess 
Host Chapter’s Charter suspend 
nm front of the speakers’ rostrun 
or en event, making nese counting 
for seeoned rat pe is won 
tua! street lighting Heneit (Curtis) for Monts prize was awarded to the fifth man snd 
j sith fifth lady te shak hands with “My 
et, nteresting during entry the other Regions in New im the effect te th 
Yo Sepember for second min, was broken and man hands 
Another « pen Allen H re mt rthern | shaken all round ie 
\ nt rit Ltd. for Ottawa Chapter, and Local Activities meeting held th 
Mew ‘ Mat evening before the Conference, with R 
\ he bole” omen Conference personne responsit 
i i ©) ma In the suecessfu meeting neluded 
th \l tur ined tlse ei. 
Kegional View Ure lent Lahey, Nort 
er tr ‘ ltd 
af 
te 
by 
: the \. S KRennard, Canadian General 
Kleetrie ¢ Ltd 
Strong was the featured speaker at the lranspertation ‘ Canadian 
ln entered the Inter Region con Banquet In widition to his Westing Ltd a 
test for “My Most Interesting Lighting President Strong officiated also ato a 
WI nat eremony during the banquet, presenting Pree M 
For the reeord, the papers program in 
its entiret was 
Mo wou Sy on, Ma 
lian Reg ‘ Vice President Northert 
} ‘ 
Add Contr r | Tard 
' Mayor Charlotte Whitter 
Continued on page 124 
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Delivers Greater Lighting Efficiency 


due to Alzak glass-surfaced aluminum reflectors and KIRLIN prism lens. 


There are many advantages when the Kirlin Method is used. There is more useful light 
trom the lamps—a wider distribution of light rays—fixtures can be re-lamped from 
above the ceiling. Lighting maintenance costs are less. 


USE THE KIRLIN METHOD FOR HOMES + OFFICES + PUBLIC BUILDINGS 


; 
q 


Installation costs are less with Kirlin fix- WITH THE irlin METHOD NOTHING DAN- 
tures. Regular building wire, such os rub- 
ber covered, is run direct to exclusive GLES FROM THE CEILING TO COLLECT DUST, AN 
heat-insulated junction box. No asbestos 


wire is needed IMPORTANT FACTOR IN THE HOME OR OFFICE 


AS WELL AS IN PUBLIC BUILDINGS. 


gvular— and in Fluorescent. 


od. 


@ Hinged rust-resisting doors in die cast 
te. hal, for 


@ Wide-angle or concentrating lens. 
@ UL and IBEW Labels. T H E C 0. 
@ In stock at leading wholesalers. 
3435 E. Jefferson Avenue Detroit 7, Michigan 


Representatives in 28 principal cities. 
Installed cost is less than cheap units! 
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STORES 


RESTAURANTS 


Designed to replace the light switch in a wall . . . to permit the selection of any 
light value from blackout to full brightness, the WALLBOX Dimmer offers a new 
concept in lighting control. By simply turning a knob, light just right for every 


occasion, any activity, is at your finger tips. It is a transformer. . . cool, efficient and 
controlling by converting watts. Unlike resistance type 


Approved by UNDER- 
WRITERS’ LABORATORIES 


economical in operation . . . 
controls, it does not dissipate power dangerously and wastefully in the form of heat. 


Any number of lights up to the full rated capacity of 360 watts can be controlled; 
no tailoring to the job is required. For complete safety, a fuse and a bi-metollic 
thermal overload relay are provided. 


GET COMPLETE INFORMATION Send now for your copy of WALLBOX Dimmer 
Bulletin D1O52WBT. Also available for your customers is WALLBOX Dimmer Bulletin 


D253WBC, written in easy-to-understand, non-technical language. 


SUPERIOR ELECTRIC co, SEN 


5053 DEMERS AVE., 
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Seminar Given by Michigan Section 
Promotes Student Participation 


Fred ¢ Mavherrs Toronto Section 
(hairman 
To stimulate student interest in the light) Sources by Ted Brown, General 
Kadse Interferen ‘ Vattenson Hlead hleetrie Co 
Sactrument Nertios National Researet Iluminating Engineering ety and its Architecture and Its Relation to Lighting.” 
wanes <aawe, ne objectives, and to encourage student by Professor T. S. Tanner, University of 
Testing and Certification of Luminaires Michigan 
Hrant, Supervising Engineer, Approval Lat presentation of papers, the Michigan 
ator C.8.A Poronte Section sponsored Student Seminar at Mr. Foley was awarded a copy the 


S. Lighti / prese 
the University of Detroit, Mareh 19. 1.B.8. Lighting Handbook for the presen 
APYRENGON Session, Maken 25 tation of his paper 
Rolland Webb Maritime ¢ hapter Presentation of the program was directed 
hy Professor Walter Hedrieh, Chairman 
Chairman .,. dy representing the universities and col 
and Professor Edward L. Fairchild, Edu 


There were five representatives official 


leges at this meeting: Walter Hedrich, 


ul Most Interesting Lighting Installatior con 


‘ University of Michigan; Edward L. Fair 
treet and Highwa lighting “ of the Seetion 
enham, General Blectrie Ltd, London, Eng child, Wayne University; Donald E. 
“oe A total of 55 45 students and ten Trefrey, Detroit Institute of Teehnol 
kout Lightin Allen Ohwen, Vice Pres » ‘ 7 
dent of MMuminating Engineer practicing engineers attended the all Louis Kormendy, niversity of De 
ing Society, Manchester, England afternoon program which ineluded: troit; and Elwyn Hancock, Lawrence In 
Keeeption of TES President Strong 
Speaker, Professor Strong Dimming of Het Cathode stitute of Technology. 
Lamy by Eugene Foles student at the The suecess of this first Student Semi 
niversit etre 
Morning Sexson, Manen 24 miveraty of Detroit har has encouraged the Section to make 
Seeme with Lieht bw I Tayler, Detroit 
> Minitreal Seetion), Edison Ca ita yearly occurrence, 


Chairman 


Modern Hospital Lighting Heywood 
MeDougall & Friedmar Montreal 
Influence of Modern Mlumination on Archites Light's Diamond Jubilee Plans ress resulting from its subsequent devel 
ture Kameay, Chief Architect of the ith 
Nir Service Tranel Department of Tran Underway wit E.E. . opment. 
Lightine—t:. C. View Pree Preliminary work on programs and nder the Planning Committee, and 
ident American (ian Accumulator Ca materials for next vear’s Diamond Jubi representing a wide range of electrical 
Washington, I ¢ lee of Light has been initiated, follow industry interests, is a Jubilee working 
Chairman W J Montabone 
Speaker, Air View Marshal Godwin, Con ing approval of Jubilee aims by the Edi committee whieh will develop programs 
nanding Air Material Command Ottawa son Eleetrie Institute Board of Diree and materials and make them available 
rs be by G t wetries T 
Benson, Mancn 24 tors, it has been eleetrical To ln pens 
Blake, Chairman of the Jubil *royram on national an ocal seale, Light's 
“ Planning Committes Diamond Jubilee will enlist the eoopera 
In puying tribute to Thomas Edison's tive efforts of utilities, manufacturers 
he Understar ‘ 
invention of the first practical incandes and other interested eleetrienl groups, 
howse Eleetrie Co. Bloomfield N cent electric lamp which launched the with particular emphasis on activities 
for Defence and Production eleetrie era om S70, the Jubilee will also conducted by jloeal companies im their 
give attention to the growth and prog own communities, 


These Sections Had a Good Idea 


Three or fou ** good unusual 


especially suceessful local projects, under 


taken bu LES. Sections or ¢ hapte swil 


he outhned here cach month kp 


|. The Cornhusker Chapter, Omaha, and 
the Iowa Section, Des Moing s, have for 


number of vears condueted their 


meeting programs on the unique plan 


of holding four major conferences per 


sear instead of regular monthiv meet 


ings. These meetings usually begin with 


& luncheon, present a full afternoon pro 


gram of speakers, and an evening dinner 


With occasionally an after dinner speak 


er. The arrangement has solved the 


rather unusual territory problem existing 
there. In the Cornhusker Chapter for in 


stance, membership is almost entirely in 


CHARTER NIGHT at the Twin Ports Chapter had an attendance of 40 members. 
At the head table are r. to 1.: Morris Braden, Honorary Twin Ports Chairman: 
L. J. Riegert, Past Chairman of Twin City Section; J. L. McEachin:; Donald P. 
Greene, Chairman of the Twin City Section; George B. Spurbeck, Chairman of the 

Twin Ports Chapter. Continued on page VTA 


Sioux City, Omaha and Lincoln with 4 


few members in Columbus, Nebraska, a 


membership seattered in a ra 


dius. Several Study Clubs have been 
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Dinner meeting of the Mexico Chapter, March 13, at which ten new members were welcomed. 
Jose Carlos Silva hands the gavel of office to incoming chairman Antonio Carbajal. 


Members of the Utah Chapter at their 

February luncheon meeting. B. D. 

Levaur, Pittsburgh Reflector Co., was 

guest speaker and discussed store light- 

ing. Chapter Chairman L. M. Slusser 
presided. 


Before dinner at the March 20 meeting of the St. Louis 

Section, Section Chairman L. M. Wallace (left), chats with 

guest speaker, J. H. Jensen, Residential Lighting Specialist, 

Gneral Electric Co., and Lester C. Haeckel, President of 

the St. Louis Chapter, American Institute of Architects, 
who attended the Section meeting. 
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At right, retiring Chairman 


Winners of the Southern California Section's contest, “My 

Most Interesting Lighting Job,” March 4, are, 1. to r.: 

Oscar W. Meissner, Los Angeles Department of Water 

and Power, first place; Harold F. Hall and Richard B. Hat 

field, of Southern California Edison Co., second and third 
places, respectively. 
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Here and There with 1.E.S. Members 2 
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new horizons 


for architects planning 
lighting 


Are you, as an imaginative designer, often frustrated by the conventional 
: louvered “boxes” that house the fluorescent lamp? Sometimes, after plannin 
th ree wa ys to install a beautiful room, original and distinctive, do as despair in your ets - 
design a harmonious lighting effect? 
1 recessed. Only the luminous Plexiglas is visible, Shown here is a completely new and dramatic development in fluorescent 
depth 21" from ceiling line. lighting —a designer's dream come true! The Variform uses soft, lovely, molded ' 
Plexiglas —circles, ovals, rectangles, squares—in a choice of sizes ranging up ( 
y surface-mounted. Voriform luminaires hug to eight feet in length. I 
the ceiling and blend in harmoniously. Depth only 6" We call this revolutionary luminaire the LPI Variform, its name derived ‘ 
from ceiling line. from the fact that it supplies such a variety of forms for you to work with. 
Think of the possibilities for striking arrangements in perfect harmony with the 
3. suspension-mounted. Hongers con be dominant motif of the room! There is no limit to the original effects you can ‘ 
placed to give perfect support to even the lorgest fixtures. achieve. Truly, New Horizons invite you in this handsome and versatile new 
luminaire —the LP! Variform. j 


q 
| =, > 
¢ 
b 
‘2 
‘ 


“SQUARES | 
and 


“| 
RECTANGLES 24°48" 
24° 1 712° — 48" 1 96 


ae 
CIRCLES 
| 36" and72” 
\ diameter / 


ES. “OVALS 


in beautiful Plexiglas 
—new freedom in creating harmonious designs 


VARIFORM 


LIGHTING PRODUCTS, INC., HIGHLAND PARK, ILL. 


Variform shapes combine harmoniously with recessed troffers, ee 


incandescent down-lights and other standard equipment. Only standard 


Lighting Products, Inc. 


straight fluorescent lamps are used. 
Dept. E, Highland Park, lilinois 


Plexiglas absorbs less than 1% of luminous energy. Shatterproof, 


Please send me, free and without obliga- yes 
tion, complete set of Variform drawings a 
and latest LPI catalog. 


it will give many years of trouble-free service. Guaranteed not to 
sag, warp, lose shape or to discolor. light in weight, easy to handle. 
Quickly cleaned with damp cloth, using mild detergent and water. 
Number of lamps used inside fixture is determined by degree of light 


output required. NAME 
mail COUPON NOW for complete set of Voriform draw- aioe : 
ings and specifications. You will also receive the latest LPI catalog, ADDRESS a a y 
fully illustrated with photographs and drawings, ‘‘New Ideas in pea 

cit¥ ZONE STATE 


Fluorescent Lighting." 
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Reception lobby, corridors, and ten private offices 
at Thew Shovel Company, Lorain, Ohio, are lighted 
by “Wakefield Geometrics" luminous ceilings that 
include rigid-orch diffusers of PLEXIGLAS. The ceilings 
are manufactured by F. W. Wakefield Brass Company, 
Vermilion, Ohio. 


New type of large-area lighting 
with Formed Diffusers of PLEXIGLAS 


panels are illuminated «evenly at each level of 


Here is a new development in the use of PLexicLas 
light intensity. 


acrylic plastic for luminous ceilings. Each of the 
four-foot-square diffusers in the installation shown 
above is a shallow dome, formed from white trans- 
lucent Piexicias. The domed design gives struc- 


In addition to formability and efficient diffusion, 
PLexiGLAS offers other advantages in lighting— 
strength, light weight, dimensional stability, and 


tural rigidity to the panels, making the use of such 
large diffusers completely practical from the stand- 
points of safety, ease of handling, and permanence 
of shape. 


Notice how the use of PLexicias results in uni- 
form, efficient diffusion of light from completely 
concealed fluorescent lamps. Three lamps are 
mounted above each panel on separate controls 
for three levels of illumination, ranging from 50 
to 90 footcandles. Diffusion is so complete that 


os a trademark, Reg U.S Pat. Off and other principal coun- 
éries of the Western Hemisphere 


Canavtan Crystal Class & Plastics, Lid., 190 Queen's Quay 
at Jarvis Street, Toronto, Ontario, Canada 


Prexictas is listed in Sweet's Architectural File, Section 6d Ro 


resistance to breakage and discoloration. For better 
lighting, investigate the use of Prexictas for 
luminous ceilings and large-area fixtures. We will 
be glad to send you illumination data on the instal- 
lation shown above. 


ROHM & HAAS 
COMPANY 
WASHINGTON SQUARE, PHILADELPHIA 6, PA. 


Representatives in principal foreign countries 


¢ 
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Continued from page VZA 


scheduled between conferences for further 
local interest, 
Les membres du chapitre de Quebec, 


sur Vinvitation de Aluminum Co, of 


Cunada Ltd., se rendraient par auto 
bus a Arvida et Shipshaw le 20 avril 
pour visite industrielle. L’Aluminum Co 
ont invité le réunion & un lunch au 
Saguenay Inn. 

3. Capital Section is another group 
Which has found that extension meet 
ings spread the gospel and at the same 
time stimulate local interest. Their 
laest such was in Riehmond, Va., April 
1S, held jointly with the Eleetrie 
League of Richmond. 

‘+. Oklahoma Chapter in Tulsa invites 
members’ wives to every meeting. They 
like it, technical subjects and all. At a 
recent meeting on measuring instru 
ments, the distaff side operated the in 
struments and added interest to the 


subject, both technically and socially, 


1.E.S. Extension Meeting 
Held in Sioux Falls, S. D. 


An attendance of 73 indicates the in 
terest in the extension meeting of the 
Twin City Section in Sioux Falls, 8S. D., 
March 20. Loeal Representative G. 
Frederick, General Eleetrie Lamp Divi 
sion and J. H. Gibbs, Tri State Eleetrice 
Co. im Sioux Falls planned the program, 


Which imeluded: 


What the Illuminating Engineering Soviety 
Is and Does Midwestern Regional VP 
Paist, Northern States Power Co 


Minneapolis 
Quantity and Quality of Lighting” L.. 3 
Johnson, Northern States Power Co 

New Developments in Light Sources John 
Williams, Lamp Division, General Electri 
Co 
heonomics of 
Northern State Power Co 


I Johnson 


The interest in this netivits shown at 
the meeting points toward the formation 


of a Study Club in the near future 


Architectural Illumination — Topic 
Of North Carolina Conference 


\ 
of light, vision and lighting applieation 


broad scope of the various aspects 


was covered in the Conference on Arehi 
tectural Tlumination, held February 27 
"’S at North Carolina State College, Ra 
leigh, N. ¢ The twoday meeting was 
sponsored by the College's Sehool of Dk 
sign of the Department of Architeeture 
and Extension Division. The total at 
tendance of SS consisted of loeal archi 
tects, architecture students, consulting 
engineers, utility lighting engineers and 
wholesalers’ salesmen from the Piedmont 
region, 

The first) session, afternoon of the 


27th, was opened by Dean Henry L 


Continued on page 


LIGHTING CALENDAR 


Society Events 


May 18-19, 1953 Southern Regional Con 


ference, Sedgetield Greensboro, N. ¢ 


May 25-26, 1953 (ireat Lakes Regional 


Conference, Syracuse Hotel, Syracuse, N.Y 


September 14-17, 1953 Illuminating Engi 
neering Society, National Technical Conference 
Commodore Hotel, New York, N.Y 


Industry Events 
May 18-22, 1953 National Materials 


Handling Exposition, Convention Hall, Phila 
delphia, Pa 


May 19-22, 1953 Flectrical Manufacturers 
Kepresentatives Association of Michigan, Ex 
hibition Building, Michigan State Fair Grounds 
Detroit, Mich 


May 24-28, 1953 —- National Association of 
Klectrical Distributers, 45th Annual Conven 
tron, Conrad Hilton Hotel, Chicago, I 


June 1-4, 1953 Edison Electric Institute 


2ist Annual Convention, Atlantic City, J 


June 8-10, 1953 National Association of 
Kleetrical Distributors, Pacifie Zone. Huntin 
ton Hotel, Pasadena, Calif 


June 9-12, 1953 Store Modernization In 
stitute, Fourth Annual Modernization Show 
Madison Square Garden, New York, N.Y 


June 15-19, 1953 American Institute of 
Klectrical Engineers, Summer General Meeting 
Atlantic City, N. J 


June 22-26, 1953. Annual Convention of the 
American Society for Engineering Education 


University of Florida, Gainesville, Fla 


June 28-July 2, 1953 American Soviety 
of Mechanical Engineers, Semi Annual Meeting 
Statler Hotel Los Angele Calif 


July 5-10, 1953 New York Lamp Show, 
Hotel New Yorker, New York, N.Y 


August 5-8, 1953 [international Association 
of Plectrical Leagues, Isth Conference, Fair 


mont Hoetel San Franciseo, Calif 


September 1-4, 1953 American Institute 
of Electrical Engineers, Pacific General Meet 
ing, Hotel Vancouver, Vancouver, ¢ Can 
ada 

September 21-26, 1953 International As 
ectation of Electrical Inspectors, 25th Jubilee 
Meeting, Edgewater Beach Hotel, Chieage, I 


September 23-25, 1953) Canadian Flectrical 
Manufacturers Association Annual Meeting, 
(reneral Brook Hotel, Niagara Falls, Ont 


October 5-9, 1953 Swiety of Motion Picture 
ind) Television Engineers, Semi Annual Con 
vention, Hotel Statler, New York, N.Y 


October 19-21, 1953 American Standards 
Annual Meeting, Waldorf 
Astoria Hotel, New York, 


October 19-23, 1953. National Safety Coun 


cil, 41st National Safety Congress & Exposi 


tien, Chivage, 


November 2-6, 1953) American Institute of 
Engineers Fall General Meeting, 
Muehlebach Hotel Kansas City. Me 


November 9-12, 1953 National Electrical 
Manufacturers Association, Haddon Hall hotel, 
Atlantic Citv, N. J 


November 16-20, 1953 National Electrical 
Contractors Association, Miami Beach, Fla 


November 29-December 4, 1953 The 
American Sootety of Mechanical Engineers, 
Annual Meetir Statler Hotel, New York, N.Y 


January 18-22, 1954 American Institute 
of Rleetrical Engines: Winter General Meet 
ing, New York, N. 


March 8-11, 1954 National Bleetrical Manu 
facturers Association, Edgewater Beach Hotel, 


LIGHT SOURCES and Sorcery, an “on-the-road" show by the Pennsylvania Power 
and Light Company, outlines to civic and business groups and high schools the 
production of light from man-made sources, During the last year and a half, the 
company’s lighting consultants have given this demonstration to over 100,000 


MAY 1953 


TELECAST 


persons. 


Lighting News of Current Interest 


4 
gh 
a 
4 
hick 
z 
Chicage 
to pee 
4; 
be 
ry i 
17A 
4 
et 


Kan fner Department of Arehites 
ture | outhned the seope. and purposs 
of the meetu t with 
rt pant ere then 
tl 1} program continued 

‘ t i K Hel 
j Ml “er irg! 

‘ ‘ 
t f one 

on, m the evening, 


gave three viewpoints of the art of light 


topes ind rs 


Meaning t ' Architeetural Iv 
Kihard ghting designer and 

hting Oljective ‘ Mo Cutler 

fieneral tr ‘ ind 

Kelatior f Light to For louis I 

Kahle Philadely ‘ ret t and= Chief 

‘ i \r tural at Vale Uni 

ver t 

The third session was a panel sym 


posium to resolve me problems of light 
ing im architecture Speakers from all 
four sessions, plus loeal arehiteets and 


engineers formed the panel, and the 


tudience participated diseussion 
The final session, on the afternoon of 


the second day was coneerned with 


sources’ of information and methods of 


procedure, covering 

treneral Hal ural of and Artif 
ial Stud Resear nd Writing 
Herlon Cooper Pastern Editor, Bleetrical 
nd W nienan 

Method ‘ Ml Cutler ‘ Bleetri 


Copies of the Bibliography be Mr 


Cooper were distributed to all in ittend 
anee 

Dean Kamphoefner of the 
of Architecture 


and served o- 


Department 
presided at all sessions 


moderator for a panel 


(liseussion periods 


and audiences 


Annual Spring Conference 
Sponsored by lowa Section 

The 
lowa Section was held March 27, at the 
Blackhawk Hotel in 
The was opened by 
Hull, 
were 
dent of the 
trie Co. The 
Weibel, 


with 


mnual Spring Conference of the 


lowa. 
legates 


Davenport, 
meeting 
Seetion Chairman, and 
Presi 
program, arranged bw TH. A, 


welcomed by PL Conrad, 


lowa Illinois Gas and 


fieneral Eleetrie Co... eontinued 


“Types « 
lard, Cieneral Pleetric Co 
Plastics a 
\ Willan Rohn ane 
deiphia, 


“Feonomics 


Davenport, lows 
imination by H 
Iinas 


lowa 


A hospitality hour, with 


is host, followed 


Gas and Eleetrie Co 
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Airport Lighting Panel Discussion 


Featured at Kansas City Meeting 


\ nel diseussion on airport lighting 
of the LES. Committee on 
n Lighting is a feature of the 
Cong of ¢ Aviation Conferences 


held in Kansas Citv, Mo... Mareh 22.26 


Lighting ms were diseussed and 
‘Questions from iirport managers ind 
operators ore mswered bes the panel 


The meeting was attended by members 


of fifteen of the leading national avia 


thon organizations, marking the golden 
mniversary of flight 

Sevbold, Civil Aeronauties Ad 
ministration, Chicago, discussed airport 
lighting units in use today, saving thes 


ire from five to ten vears old, and that 


semi flush 


over S000 of the runway 
marker lights “the trouble maker of all 
tine ire still in) services Mr. Sevbold 


stuted that the use of elevated marker 


hit mon metallic irmored 


eable has made the later types of air 


lighting svstems more vulnerable to 


prort 


lightning damage with four out of five 


liyhtning strokes originating on the lind 


ing aren itself rather than on the in 


coming power line 
Lattin, 


spoke on the need for correct 


Duty Eleetrie Co., 
setting of 
input voltages for static regulaters and 
replacing 


lamps 


prompt! 

sins to replace existing taxi 
Haney, 


the 


lights were suggested by John S 
Hinds 
replace the 
predicted that trans 


(rouse predieting that 


will wiedels present entrances 


exit lights Ihe 


missometers will be used more and more 


for the operation of runway lights and 


approach lights for instrument landings, 


ind that they are already being consid 


ered for automatieally regulating the 
brightness control of lights 

Aecording to R. BE. Madigan, Line Ma 
terial Co., a great deal of engineering 
time spent on the design of airport light 
improper and 


ing units is wasted by 


installation and application He 


that 


faults 
installation specifications be 
that 
maintained after installation 

J. A. MeDougall, Revere Eleetrie Mfg 


(o,, diseussed high elevation mounting of 


urge d 


improved and systems be better 


apron and ramp floodlights, using mner 


visors, to reduce objectionable glare. Hk 


also spoke on the use of hinged mount 
ing poles for floodlights to eut down the 
labor in servicing them. 

The fluorescent ramp and apron light 
ing installation at the General Lawren: 


Novem 


was deseribed by D. T 


Logan Airport, Boston (see 
ber 152, p. OSS 
Carter, General Eleetrie Co., giving th: 
advantages claimed by this system, 

The use of the 
thush 


was lise ussed by R 


new type high intensity 
nirtields 


Westing 


runway lights on military 


Davie 


house Eleetrie Corp., who alse reminded 
civilian airport managers and operators 
of the troubles with flush type lights 


from the maintenance angle 

At the 
Committee on 
Warner, 


the lighting of the 


held bes the 
Lighting, J. PB. 


technical conference 
Aviation 
spoke on 
Pittsburgh 
1953, p. 3), 

illustrated 


consulting engineer, 
(rreater 
Airport (see January 
whieh he had 


his talk 


planned. 


with eolor slides showing the 


lighting of the various parts of the new 


Continued on page ZINA 


NEW TYPE lighted sign for airport taxiways is inspected by the IL.E.S. Aviation 


Ligiiting Committee, attending a technical conference in Kansas City. This type 
sign will be installed at the New Greater Pittsburgh Airport. 
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THE SMITHCRAFT A-L-S INDUSTRIAL UNIT 


""AMERICA'S LIGHTING STANDARD‘ 


Progressive management knows that quality factory lighting is one of the 
most productive tools available for American industry. The Smithcraft A.L.S. 
Industrial Unit is today's outstanding achievement in industrial lighting. 20°/, 
uplighting, 30° shielding, 90°/, efficiency, continuous lines of light . . . to 
lighting men, these features mean comfortable seeing with a minimum of glare 
caused by contrasts. To production men, these Smithcraft de elopments mean 
increased production, improved quality control, better employee morale 


and safety. 


Continuous row installation in 
one of the nation's newest and 
most modern plants . . . over 
5000 Smithereft A.L.S. 8’ In- 
dustrial Slimline units lighting 
397,000 sq. ft. of floor space. 
Notice the continuous lines of 
light with no interrupting dark 
areas between fixtures and how 
uplighting lights the ceiling re- 

ducing contrast, 


Write for 4-page folder describing 
the A.L.S. industrial Unit. 


LIGHTING DIVISION 


CHELSEA 50, MASSACHUSETTS 
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Harry W. Barrow, President of the 
Board of Education, reports on an 
* 
outstanding lighting installation . . . om, 


*Merit award winner at International Lighting Exposition 
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. “It’s easy to maintain this high level of 
illumination with Westinghouse CC Luminaires” 


“We needed up-to-date lighting, and hoped to keep 
our operating and maintenance costs reasonable. 
That’s one important reason we selected the 
Westinghouse CC design,” reports Superintendent 
Jones, North Haledon, New Jersey. 

By suspending the CC luminaire, advantage was 
taken of both ceiling and luminaire to provide 
improved desk-top illumination at lower cost. 
Combined with a completely redecorated class- 
room, the CC provides comfortable illumina- 
tion. Both in brightness ratios and illumination 
levels, the North Haledon classroom exceeds 
every requirement of the American Standards 
Practice for School Lighting—sound basis for the 
Merit Award. 


A much improved situation now exists: from 4 


And to meet other requirements . . . 


Low FIRST cost Concentric Ring incandescent luminaires 
meet quality lighting requirements on limited funds. 
Metal rings shield silvered bow! lamps, eliminat- 
ing glare and shadows. 


you can 6c SURE... its 


Westinghouse 


MAY 1953 


Deluxe styling and comfortable illumination with the 
Westinghouse CD luminaire with plastic shielding. The 
entire ceiling becomes part of the lighting system; all 
lamps are completely shielded. 


footcandles to over 48 maintained footcandles. As 
Superintendent Jones says, “Both students and 
teachers are enthusiastic about the new lighting. 
It makes a big difference.” 

Equally important, maintaining high illumination 
levels with the Westinghouse CC is both practical 
and easy. Plastic sides and louver shielding cut 
cleaning time to a minimum. There are no dust 
and dirt-collecting surfaces. Re-lamping is easily 
done from the top. 

Westinghouse has a complete line of fluorescent 
and incandescent luminaires which meet the variety 
of classroom lighting requirements. Why not look 
them over? Get B-4556, The ABC Plan for School 
Lighting, Westinghouse Electric Corporation, P. O. 
Box 868, Pittsburgh 40, Pennsylvania. j04sal 
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Continued page hyinest is moderator of a panel of Cleveland Section Sponsors 


iiministration building, ramp and ser rehiteets and lighting engineers, which Course in Architecture 
included Loum Kahn, Yale University 
Maur | fer, Grimes Mfg. Co., d School of Architecture; Henry Hebbeln, The Committee on Allied Arts and the 
sevibed gation ehitect Thomas Smith Kelly, lighting Education Committee of the Cleveland 
z rotating beam, providing over 4,000 beam engineer and consultant; and Harrys Me Section are currently sponsoring a Short 
candlepower, for installation on airear Nary, lighting engineer of Fischbach and Course in Architeeture, including diseus 
rier and other larger types of aircraft Moore sions of premodern and modern styles 
Fhe tight contains 100w sealed beam Under the meneral title of “New Prob md construction; the changing forms of 


commereial, industrin! ond residential 


lamp shining vert on a double re ems of Light Created by Contemporary 
fleetor whoel rototed t 40 rom b Architecture the diseussion covered the buildings ; paintis amd s as ad 
small eleetrie moter integration of the mechanics and fune junets to architecture Lecturers inelude 
K. Davie, Wriekt Ais tions of lighting with design structure, Dean Franeis R tacon, Western Reserve 
designing for continuity of light fer University School of Architeeture: Pro 
rhe beth day ond fessor Edmund Chapman, Western Re 
tat ter ty of systems sequived by open serve University Department of Art; 
planning and multi-use of space, the Ernst Payer, Arehiteet; and Wilbur 
on the drawing boowrd. Mr. Greenlee alse problems ereated by the use of large Riddle, Architect. 
described a new 500 watt flush runway reas of glass, and the use of outdoor The five sessions, weekly from April 
marker light) under development space os affected by lighting 22, will conelude May 20 with a tour of 


architecturally significant buildings in 
Cleveland Lindsey Davis and = Karl 


Staley, chairmen of the two committees, 


The development of another new unit 


ty provide The “Ideal Team Pattern Lighting Design Award 
for Runway Lights” was discussed by Detroit Contest 


a. a. ¢ Pearson, Civil Aeronauties Ad Planned the course Tuition was five dol 


fin: competition for a lighting design ars 


ministration inal 
Material Co for the new Convention Hall to be built 


in Detroit's Civie Center was sponsered 


Green Bay Study Club 
Has Active Year 


by the Michigan Seetion of the American 


N. Y. Residence Lighting Forum 
Holds Joint Meeting with A.1.A. 


Institute of Arehiteets. David Hamilton, 


Detroit designer, was the winner of the Under the guidanee of the extension 

Mutual problems facing the residential s1,000 prize donated by the Kirlin Co, Hetivities committee of the Milwaukee 
irehiteet ond the lighting designer as a The prize was awarded Mareh 15 at the Section, the Green Bay, Wisconsin Study 
result of eurrent  architeetural trends innual banquet following the three day Club has been holding monthly meetings 


were dixeussed at the jomt meeting of meeting of the Institute Judges in the with 


an average attendance of 15. Offi 
the New Vork Residence Lighting Forum contest were tluminating engineers J. W. cers of the elub 


are Chairman, Edward 
id the New York Chapter of the Ameri Snyder and George Wagshall, and arehi Shepard; Viee Chairman, R. 1 Salz 
enn Inatitute of Architects, April | teets Jean Hebrard, W Riddle, and 


geber; Seeretary Treasurer, Howard R. 
Richard Kelly, lighting designer and G. Stickel Johnson. Topies discussed at 


meetings 


have been: 


Oreanization and Benefits of IES B. R., 


Bunn, of the Milwaukee Section 


Lighting Practice 


Architects’ Viewpoint on Lighting Gaordon 
Feldhousen and John Somerville, Green Bay 
Architects 
Quality in Lighting Application Adrian 


Gioldschalx, Consulting Engineer 


College Engineering 
Enrollments Climb 


According to Engineering Manpower 


Commission of Engineers Joint Couneil, 


the 51,631 new students entering in the 
Fall of 1952 represent the third largest 


class ever to enter engineering schools 


only in) 1946 and the 


Exceeded 


number of new engineering students ae 


count for almost 16 per «ee nt of all male 


students entering college for the first 


time in 152. Assuming normal progres 
AT A MEETING March 23 of the Oklahoma Section, I.E.S., in Tulsa, aviation sien of the current entering class of en 
lighting was discussed by David Miller (left), General Electric Co., whose presen-  einering students, the resulting number 
tation covered present practice in airport and aircraft lighting; the superiority ¢f graduates in 1956 will be in the ne igh 
of deep red illumination for instrument lighting; the effect of atmospheric absorp. rood of 40,000. So states the January 
tion and flashing on effectiveness of signal beams; and a Navy BudAer film on 
the evaluation of high intensity lights and FIDO for helping land aircraft under 
extremely adverse atmospheric conditions. Maurice Laufer (center) and Paul 
Greenlee (right), Grimes Mfg. Co., participated in answering questions from the 
fifty members and guests present. 


153 Cireular #346, titled, Engineering 


Enrollments and Degrees, 1952, which 


was compiled under the auspices of the 


lederal Security Agenes Office of Edu 
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for the MAN ON THE JOB! 


84 pages crammed with ideas, pictures and data on how to frame, 
hang, support and mount all kinds of mechanical and electrical 
equipment with adjustable UNISTRUT All-purpose Metal Framing. 


Perfect for the man on the job—most useful, too, as a handy reference 
catalog for the architect, engineer, draftsman, contractor, or builder. 
Just pocket size, easy to handle, always within reach when you want it. 
Order your free copy of the NEW UNISTRUT Catalog No. 800 today! 
With UNISTRUT channel and fittings you can build all types of con- 
duit, cable, pipe and tubing hangers and supports, framing, mounts, 
racks, tables, benches, and many other structures with just a hacksaw 
and a wrench. No drilling, no welding, 100°, adjustable and re-usable. 


The UNISTRUT system of mechanical supports provides great strength 
without bulk. It’s easy to work with, lasts indefinitely, and the finished 
structure assures neat and orderly appearance. 


Produc nderi U.S. Patent Numbers: 2327587 2329815 2345650 
UNISTRUT are Bonderized 2363382 2380379 2405631 2541908 


Other Patents Pending 


The World's Most ae Flexible All-Purpose Metal Framing 


‘ Distributors and Wareh Stocks in Principal 
/ Cities—Consult your Telephone Directories 


These are the Basic Components of the ay 
UNISTRUT Metal Framing System { 


Write for your 
copy today! 


UNISTRUT PRODUCTS COMPANY 
1013 W. Washington Bivd. 
Chicago 7, Illinois Dept. t 5 


Please send me a copy of the new UNISTRUT 
Pocket Catalog No. 800, without obligation. 


Nome 
Company 


Address 


City Zone State 


ain file 
SAN = 


CONTROLLED “NO-GLARE” LIGHTING 
is A SPECIALTY 


Put the light only where 
you want it. You can with 
Pemco luminaires, engi- 
neered and designed with 
_ ADMIRAL'S HAT the experience of 70 years. 
This Pemco tuminaire has F Ge be d 
stardard side or top en- st in modern 
trance hood, "no glare’ re- street lighting, turn to 
flector with detachable Pemco! A postcard will 


shields. bring you our catalog. 


PHILADELPHIA 
ELECTRICAL & 
MFG. CO. 


1200 N. 31st Street 
Philadelphia 21, Pa. 


changeability also reduces warehousing. 
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J Presidential Apts. Telect Pemco. Philadel- 
phia's newest development utilizes Pemco's ( <* 
luminaires for beauty and uniformity of de- . 
sign, hoods used interchangeably as needed. { ait CX / 
S 
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Story, Head, Statis 


Robert 


tical Services Unit, Research and Statis 


ention by 


tieal Standards Seetion and Henry H. 
Armsty, Chief for Engineering Edues 
tion, Division of Higher Edueation. 
This survey which reports data sup 
plied by 14% institutions offering cur 
ricula aceredited by E.CLPLD., and by 44 
institutions in which no curriculum is se 
neeredited, Pomts out that the vo 
engineering graduate students enrolled 
in the Fall of 1652 represent an increas 
of 4.2 per cent over the preceeding year. 
While the graduation estimates for the 
next four years reported upon show no 
material devintion from those now om 
EMC files, it is interesting to note th 
increased tendency on the part of stu 


dents entering college toward engineer 


ing 


Chicago Programs 
Continue in High Gear 


Continuing its series of specialized 
lighting elinies, the Chicago Seetion, 
LES... and the Chicago Lighting Insti 
tute offered May sa full day conference 
on Industrial Lighting. Co sponsors with 
LES. and were the Chieago Asso 
ciation of Commerce and Industry and 
the Electrical Maintenanee Engineers of 
Chieago. The allday program was as 


follows: 


Morning Session Chairman: Chester 
Thorsen, Day Brite Lighting, In 
Chicago, 


(rood Factory Lighting Is Common Sense 
Fitzuerald. | du Pont de Nemours 
East Chieage. Ind 

Bast Facts About Industrial Lighting 
Richards, Lighting Engineer, Chicago 


Lighting Institute 


Lamps for Industry Samuel katon 
Sylvania Eleetric Products, In Chieage 

Preventing Thrombosis inp Current Carrving 
Arteries John Pierce Pierce Electric 


Chicago, I 


Afternoon Session——(hairman: Hoyt 
Steele, Benjamin Eleetrie Mfg. Co., 
Pisines, Ih. 


“Lighting the Industrial Plant Panel [hi 
ission on Greneral Area Lighting, High Bay 
Area Lighting, Inspection Lighting, Special 
Appleation 
Moderator Glenn Beyd, Public Service 
of Northern Illinois. Panel) B.S. Ben 
on fenjamin Fleetri Mig to 


Hawkins Electric Co t Diefer 
thaler, General Eleetrie Co Irwin Mever 
Appleton Flectri to John Melaughtin 


Coa 


Kelso Burnett 
“Trends n Industrial Lighting 
Mire to 


Steels Benjamin  bleetri 


Plaines, 


The annual course in Lighting Funda 
mentals sponsored by the Institute eon 
tinues its Spring Quarter with leeture 
and laboratory sessions by William Rieh 
ards and Raymond Wozniak, Wiring de 
sign- 1, with Frank MeShane as instruc 


tor, is also being press nted 


MAY 1955 


MEMBERS of the I.E.8S. Committee on Street and Highway Lighting met at the 
Ansley Hotel in Atlanta, Ga., March 26-27. 


Pictured here are: front row, R. M. 


Zabel, J. B. Browder, F. D. Wyatt, C. H. Rex, G. K. Glass, C. A. B. Halvorson; 
second row, H. F. Ilgner, J. H. Murrah, 8S. R. Williams, R. P. Brotzman, L. J. 
Schrenk; third row, F. J. Schmitt, G. W. Izant, Ray Palmer, R. 8S. Bucher, A. B 
Winters, C. L. Crouch; fourth row, D. W. Rowten, J. F. McGough, R. G. Slauer, 
J. H. Fahey, L. F. Heckmann, H. E. Mason; back row, G. E. Korten, R. M. Swet 
land, J. L. Eberly, D. A. Toenjes, A. R. Jaeger, J. W. Lewis, H. W. Osborne. 


General Course in Illumination 
Presented by Arizona Chapter 


A three day general course in ilumins 
tion aimed at the executive, student, 
salesman, consulting engineer, architect 
and contractor, was presented by the 
Arizona Chapter of April ia, 
and 15. Under the direction of J. 
Whitnell, Chapter Chairman, the classes 
were held in the auditorium of the Ari 
zona Public Serviee Phoenix 


Topies covered the three & hour ses 


sious Were 


light, Vision, Mechanise of the Laight 


Sources 
Ilumination Terminologs Quantity and 
Quality of Light, Principles and Systems of 
Light Control: Interior Light Design: Office 

Lighting: School Lighting 
Store Lighting Industrial 
Lighting Kesidential Lighting Question 


Answer Pertod 


Instructors for the various subjects 


discussed were: 


Larsen, Westinghouse Rlectrie Corp 
los Angeles. Calif 

‘ Mo Cutler, Lamp Division, General 
Co, Cleveland, Obie 

lean Cage Doctor of Optometr Scotts 
dale Ariz 

Burnham, Lamp Division. General bles 
trie Co Phoenix Ari 

Buckley Arizona Publi Servier Co 
Vhoenix Ariz 

Whitnell Arizona Pub Service 
Phoenix, Ariz 

\ hater Arizona VPubh Servi ‘ 


Registration for members was 


£1.50, for nonmembers, 


ment was limited te Iz 
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Lighting News of Current Interest 


William F. Little, past president of 
has been eleeted President of 
Bleetrienl Testing Laboratories Ine 
Leonard J. Lewinson has been name! 
Executive View President and Norman 
D. Macdonald, View resident. F. Mal 
colm Farmer, retiring President of the 
company, continues on the Board of Di 
reetors, of which he has been eleeted 


Honorary Chairman 


George L. Wilcox his been elected 
president and direetor of the 
Westinghouse Klectrie International 
Co, by the firm's Board of Direetors 
Formerly general sales manager for the 
company, Mr. Wileox has been with 
Westinghouse since 142 when he joined 


the parent company os a design engi 


hieer, 


Fergus M. Sloan, electrical engines: 
with more than 21 veurs’ serviee with 
Westinghouse Eleetrie Corp. has been 
named manager of the company's Lamp 
Division, Until his recent appointment, 
Mr. Sloun was operations manager of 
the Television Radio Division at) Metu 
ehen, N. J. and Sunbury, He tool 
over aetive manuygement at the Bloom 


field Headquarters on May 1 
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ELECTRICAL contractors who were among the winners of sixteen cash prizes 
awarded in the 1952 Lighting Campaign. sponsored by the Philadelphia Electrical 
Association's Lighting Equipment Manufacturers and the Philadelphia Electric 
Co. Awards were made at the March meeting of the Philadelphia Section, I.E.S. 
Pictured here are, seated, John DiMedio, Edwin H. Henrie, Richard Manopello, 


Edward Barber, Howard McKim, Jack Adler, Andy Camp; 


standing, William 


Murphy, Harry G. Hey, Charles A. Holm, James H. Lomax, Robert Keough, and 
Charles I. Johnson. 


(Continued from page 254A 


tenjamin 


The purchase by the 


trie Mfy. Co. of certain assets of the 
Leader Eleetrie Co. Chieago., was an 
nounced by Hoyt P. Steele, bxcecutive 
View President of tonjamin Eleetris 
Mfg. Des Plaines, TIL The Leader 
Line will be manufactured and sold by 


the Leader Division of Benjamin 


At the 22nd Annual Meeting of the 
Inter Society Color Council held March 
IS at the Hotel Statler, New York City, 
Dorothy Nickerson, [’roduction and 
Marketing Administration, 


was presented with a resolution of ap 


preciation for her serviee and her guid 


as Seeretary of the Council, Miss 
Nickerson was Seeretary of the LS.CLC, 
for many vears before resigning from 


that position last vear In addition te 


the resolution, Miss 


tlesk 


Niekerson reeeived 


i mahogany with a silver plaque 


its origin 


Five major appointments and the 


establishment of a new operating divi 


have been announeed by Corning 


Works. John L. Hanigan, Fred 
erick H. Knight on! Henry H. Sayles 


sion 


were elected Viee Pre silent, Seeretary 
ane \ssistant Seeretary respectively 
Thomas Waaland was appointed Dire 


Industrial Relations and John F. 
G. Hicks was mack 
the newly 


sheet Ihe 


tor of 
(ieneral Manager of 


formed International Divi 


new diviston will consolidate 


umder one head all foreign aetivities of 


the companys 


innounees the 


to, Tne 


following changes territorial cover 
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Donnelly, New York 


is servieing the metro 


Daniel R. 
District 
politan area in cooperation with Edward 
L. Gluck ani Willard L. Warren; Rob- 
ert W. Stanley is listrict 


Connecticut and western Massachusetts, 


Manager 


Manager in 


with headquarters in) Hartford; and 
Adriaan Van Oss is District Manager 
in Michigan with headquarters in’ De 


troit 


J. H. Kempner has been appointed 
sales manager of Reliable Plastie Corp., 
headquarte rs at 333 North 


, Chieago, Il. Mr. Kemp 


with Southern Plas 


with his 
Michigan Ave 
ner was formerly 
ties Columbia, S. 


Curtis Lighting, Ine. has announced 


an eXpansion program involving re 
districting of territories. J. V. Bradley, 
representative, 


former Boston territory 


has been appointed Regional Manager 
for the East with headquarters 
at 545 Fifth Ave., New York City. W. 


J. Dorrans, Minneapolis representative, 


Coust 


will head the Northwest Central Re 
gion, operating out of headquarters 
office in Chieage. The Southwest Cen 
tral region will be under the super 


Regional Manager C. F. Peter 
son, with headquarters in Dallas, 


Vision of 


Gieneral Eleetrie’s Construction Ma 
terials Division has announeed the eon 
Wiring Deviee 


it Bridgeport, Conn., and the 


selidation of the 
partment 
Monowatt Department at Providence, 
RK. 1, and has appointed A. FP. Warren 
ind Arville W. Gilmore as general man 
mer and assistant general manager for 


the consolidated department. 


Lighting News of Current Interest 


with Southern 
and Mel Fenton, 


Fleectrie Co., are 


Robert Ford, 
Edison Co., 
with Gravbar 


California 
formerly 
Smoot Holman Co. Sacra 


now with 


mento, Calif, 


F. M. Pyle has been appointed Diree 
tor of Produet 
of Metaleraft Produets Co., 


Sales and Development 
Ine., Phila 


delphi i, 


OBITUARY 


viee- president of 


Joseph M. Supple, 


Eaco, Ine., New Orleans, died April 4 
after «a coronary thrombosis attack. 
Mr. Supple had been Chairman of the 
New Orleans Seetion for the 1946-1947 
term when the city was host to the 


LES. National Technical Conterenee in 
1947. He had 
Committee on 
Representative of the 


served the Soctety 


Planning 


also 
on the Project 
and as Chapter 


Committee on Lighting Edueation. 


NEW MEMBERS 


the I.E.S. Couneil, 
held in April 13, the 


following were elected to membership: 


At the meeting of 
Dallas, Texas, on 


ALABAMA CHAPTER 


Vembers 


Broughton, W. Jr Appleton Electrie Co., 
Birmingham, Ala 
Cale, L. T Alabama Power Company, Bir 


mingham, Ala 


deFuniak, A. F Il. Alabama Power Co., 
Birmingham. Ala 
Johnson, 3S \ Alabama Power Company 


Birmingham Ala 
Perreault, M \ 

mingham, Ala 
Member 
John, dr 


Gravbar Electrie Co bir 


Matthews Electra 


trettys 
fo tirmingham, Ala 
(APITAL SteTions 
Member 
Bigelson, Arthur. General Engineering As-o 
ciates, Washington, ¢ 


Member 
Downing, Jack 
Richmond, Va 


hiectric Corp., 


Westinghouse 


CAROLINAS SECTION 
Members 


Campbell 


kK N t Plaza, Greenville, S ¢ 


Owens, BOB Anderson Electric & Supply 
Charlotte, N. 

Associate Members 

Hallman, Kt Westinghouse Electric Supply 


Greenville, ¢ 


Henley, KR. I Clark, Ine, Spartanburg, 


Martin. T (Gieneral Electric Ce Raleigh, 
Ripley, No N General Electric Supply Co 


(Charlotte ¢ 


CENTRAL NEW YORK SECTION 


Members 


Lindstrom hina Lindstrom blectr 

Svracuse 
Ryan, J (ity Electric Ce In Syracuse 
Conti n paue \ 
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SMALLER... LIGHTER... 


How get smaller, quieter fixtures 
with the new G-E Clamped Core Ballast 


You can reduce the weight. size and noise level of vour small fluo- 
reseent fixtures by equipping them with General Electric's new 
clamped core ballast. 

You can streamline vour ballast stocks and simplify your ordering 
because the new clamped core ballast is designed to replace up to 
nine previous G-E ratings (three case sizes). 

You can solve design and production problems with the compact 
clamped core ballast because its universal mounting clamp allows 
you to install it in any position, 

And for partially open fixtures which must meet “suitability of 
enclosure” requirements for U.L. listing, vou ean order 
clamped core ballast with a metal lock-on cover, 

The lock-on cover is a unique feature of G.EOs clamped core 
design. It lets vou incorporate savings in size, weight and cost into 
nearly every type of small fluorescent fixture except those which 
are “open” or “wide open” ——that is, where the ballast is directly 
exposed either to air or to the fixture mounting surface. 

In sign applications, the G-E clamped core ballast with loek-on 
cover is considered by Underwriters’ Laboratories to be an enclosed 
unit, and can be used as encased and compounded units have been 
used previously. Most other small fluorescent fixtures which have 
reasonably close fitting joints and seams and no openings except 
these needed for assembling and mounting can use the clamped 
core ballast with no extra cover whatever. 

For detailed information on how you 
can use the new G-E clamped core 


ia ballast to make vour fixtures smaller, 
97 Xx, lighter, and quieter, contact your near- 

aw est Apparatus Sales Office or 
YEARS or authorized G-E Distributor. Or write 
— ys for Bulletin GED-1868; address Section 
112-104, General Electric Company, 


Schenectady 5, New York. 


can ful your confidence 
GENERAL ELECTRIC 
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Most 


Revolutionary 


Patent Applied for 


Now, for the first time, FIVE outstanding construction 
features, each a new concept of fixture engineering, that 
will save at least one fourth of installation and maintenance 
costs. These important innovations, found only in the Gibson 
HOLO.-77, are available at no increase in cost over 
conventional quality fixtures. 


UNI-RACE*, a sectional beaded channel that provides automatically exact fixture spacing with 
calculated clearance between units — positive alignment — a continuous open wireway. 


TERMINAL BLOCK CONNECTOR an be wired-in using only a screw driver in as 
little or 32 seconds. No lead, rubber tape or wire nuts required with 90% saving of wiring in time. 

INTEGRATED CONSTRUCTION with each part locked to each adjoining part form- 
ing an inseparable unit of greatest possible strength and rigidity. 


“V" TYPE GIRDER, 4.” deep, capable of supporting more than 40 pounds at center without 
perceptible deflection in eight feet, provides the heart of this rugged unit. 


DIVERSIFIED DUAL STEM MOUNTING providing adaptability to practically 
all dual stem sets without modification through positioning of multiple knockouts in the Uni-Race. 
* Trade Mork 


Standard fixture wired in rapid start or slimline e 40 watt, 62 watt, 75 watt e two and four lamp 
shielding angle 35° lateral 45° longitudinal or 35°-30° e side panels of plastic, metal and plastic or glass 


132" 


INTEGRATED CONSTRUCTION DIVERSIFIED DUAL STEM MOUNTING 
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Hanging Fixture 


STEP 1: Mount the Uni-Race, a rigid, readily 

ible open wireway which can be infinite in length. tt is 
adaptable to any type of mounting and is punched for 
automatic spacing in continuous runs to a tolerance of 
less than .040. 


STEP 2: Hook the fixture in slots on the Uni-Race with 
as much ease as hanging an ordinary louver assembly. 
Slots on Uni-Race assure perfect alignment and spacing. 


STEP 3: Terminal block connectors are provided on 
the unit to make a positive, solderless connection to 
the fixture from the Uni-Race and from one fixture to 
another. 


‘<eremee STEP 4: Unit is snapped closed and take-up screw 

—_fightened to make a rigid, vibrationless connection. 
Relamping may be accomplished in position and in- 
stallation or replacement can be made with only a 
serew driver in less than 60 seconds. 


Wiring-in 


Snapping closed 


anutacturing Ca. 1919 Piedmont Circle, N.E., Atlanta, Georgia 
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September 14-17, 1953 


eptember 12-16, 1954 


September 12-16, 1955 


September 16-21, 1956 


1.E.S. National Technical Conferences 
Hotel Commodore, New York 
Chalfonte-Haddon Hall, Atlantic City 


Statler Hotel, Cleveland 


Statler Hotel, Boston 


(ha ont tr 
te Wembhers 
‘ ‘ i 


Student 


Josepher Keobert niversit of Il 
til 
tr reity of 
ur Tian 
te Members 
‘ ond 


» Denald FO W. Wakefield 


‘ SVLVANIA SE 
Me Marie Pennsylvania 
ht Allent n, Va 


Anthracite Elect 
Wilke 
enn initia f ser 
Sunbur 
k W nt) Bleetr 
Westir i hehe 
Keadin 
r freneral blectric Co 
Schmehl, ¢ Westinghouse Fleet 


Keading Ia 


er, 1) Westinghouse Fle« 


Allentown, T's 
! Westinghouse Eleetri 


Keading, 


CHAPTER 


Associate Member 


wd 104 Cardy, Tampa, Fl 


Members 


h (ieffken Austin & 


Atlanta. tia 


J i (ieffken Austin & 


Atlanta 


inate Membera 
Cioehring ! \ Ir fieneral Ele 
snta, Gra 
dius Noland Company Atlanta 
Jr fieor Power 


oF AMERICA 


on, Rohm & Haas 
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INDIANA HAPTED 
Member 
Trueblood, Jr, Westinghouse Eleetri 
Cory Indianapolis, Ind 
MARYLAND 
Member 
Hilmer I Reliable Electric Co Balti 


mor Ma 
Mexico 
ate Mewhers 
\rmida, G. G Servicio Electrico, Matamoros, 


Hernandez, A. G., Comision Federal de Elec 
trivridad, Mexico 5, 


Rodriquez, Heron, Jr, Ingenieria Electrica y 


lluminavcion, Mexico 1, 
Comision Federal de Eleetricidad 
Mexico 5, IT F 


Vembers 

Lantz, I Giiffels & Vallet, Ine Detroit 
Miel 

MebDonald J. Smith in & Grylls, 

Milelne J Smith Hlinchman & Grylls 
It Detroit, Miet 

Simonton Ht La Salle Supply Corp., De 
trent, Miecl 

tte Members 

Hadalu » Teor Westinghouse Electric Corp 
Detroit, Mich 

M. W Westinghouse Electrie Corp 
Detroit, Miel 

irvden, EL ¢ (iraybar Flectr Co, Detroit 
Mich 


lark, L. G., The Gayney Co, Detroit, Mich 

Fukuda Frank Hinchman & Grylls, 
Detroit, Miel 

fiayney, The Ce Detroit, Mich 

Leud, The Detroit Edison Co, Detroit 


Mip Sotvm Cuarrer 
Members 
Arkansas Power & Light Co, 
Iiot Springs Ark 


Chenault, KO Treadway Electrie Co Ine 
Littl: Reoek, Ark 
Dixon I Treadway Eleectri to Ime 


Litth: Rock Ark 

1} M Treadway Electric Co In 
Litthe Rock Ark 

Gill, Treadway Electrie Co, In Little 
Rock Ark 

Hlegan, KR. Arkansas Power & Light Co 
Litth: Rock, Ark 

Krapy \ Westinghouse Eleetrie Co 
Litthe Rock, Ark 

Maddox, FE. Ft Arkansas Power & Licht Co 
Little Reek, Ark 

MeNutt ‘ ‘ Southwest Engineering Co 
Little Rock, Ark 

Miller, J. P.O} Box 351, Brinkley, Ark 

Newby, W Arkansas Power & Light Co 
Little Rock Ark 

Phillips, F. Treadway Eleetrie Co, Little 
Rock, Ark 

Reifsteck, Fo Westinghouse Electric Supply 
Co, Littl Rock, Ark 

Wreone, J r Treadway Electric Co In 
Little Rock Ark 

Young, ¢ lreadway Eleetrie Co It 
Little Roek, Ark 


MILWAUKEE 
iesociate Members 


Jacobs Everbrite Fleetri Signs In 


Milwaukee, Wis 


Jonas, R. G The Jonas Co. It West Allix 
Wis 
Mitchell, J. 8S Moe Brothers Mi sukee Co 


Mi 


Lighting News of Current Interest 


MONTREAL SECTION 


Member 
( riste J. P. KR. The Shawinigan Water & 
Power Co., Montreal, Que 


Love 


iesociate Member 
Fenton, M. P Smoot Holman Co Sacra 
mento, Calif 


NeW ENGLAND SECTION 

lesociate Members 

Leibow, S. A., Edison Electrical Supply Co., 
Providence, I 

Wendling, E. G., General Electric Co., Lynn, 
Mass. 

New YORK SecTION 

Vember 

Paul Howard Needles, Tammen & 
Bergendoff, New York, N. Y 

Issociate Members 

Brady, E. A, The Union Metal Mfg. New 
York, N.Y 

Campbell, L. J.. Duro Test Corp., N. Bergen 
N. J 

Student Member 

Arner, R. S., Columbia University, New York, 

NORTHERN CALIFORNIA SkOTION 

Member 

Fennell, P. Jr.. Fischbach & Moors Ine., 
San Franciseo, Calif 

Members 

Anderson A.W Franklin Design Service 
Oakland, Calif 

Hofheinz, ¢ Westinghouse Electric Corp 
San Francisco, Calif 

Holm, Henrik, 474 Bryant St, San Francisco 
Calif 

Leeb, B. R.. The Electric Corp. of San Fran 
ciseo, San Francisco, Calif 

Lynch, L. Lynch Electric Co, San Fran 
ciseo, Calif 


Onto VALLEY SroTION 

Vembers 

Delong BK. M Union Light Heat & Power 
Co., Cevington, Ky 

Misrach, W. Richards Electric Supply Co., 
Cincinnati, Ohio 

isesociate Members 

Cook, E. A. Union Light Heat & Power Co 
Covington, Ky 

Coyle, Paul, General Electric Supply Co, Cin 
cinnati, Ohio 

Rapier, R. L., Cincinnati Gas & Electric Co., 
Co, Cincinnati, Ohio 

Regers, R. Sylvania Eleetric Products Ine 
Cincinnati, Ohio 


OKLAHOMA CHAPTER 


Membere 

Caffey Oklahoma Natural Gas Co. 
Tulsa. Okla 

Heinrichs, W. J, Southwestern Gas & Elee 
tric Co, Fayetteville, Ark 


OREGON SEOTION 


lesociate Members 


Pongracz, A. F., Western Pine Association 
Portland, Ore 
Shattuck, BD. I Portland General Electric 


Co., Hillsboro, Ore 

Student Members 

Harper, C. R., Oregon State College, Corvallis, 
(ire 

Rutherford, W. F Oregon State College, Cor 
vallis, Ore 


PHILADELPHIA SECTION 

Members 

Dickinson, Schuck Electric Co, Phila 
delphia, Pa 

Hevner, Jefferson Electric Phila 
delphia, Pa 

Kindt, R. 1), Philadelphia Eleetrie Co., Phila 
deiphia, Pa 

LahKornafeaux J Maris Equipment Co 
Philadelphia, Da 

Mucha, John, Philadelphia Electrical & Mfg 
Co. Philadelphia, Pa 

Rigler, W Westinghouse Electric Corp., 
Philadelphia, Pa 

Speed, W. G.. Philadelphia Electric Co, Phila 
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PLASTIC 
PANELS 


MOBILEX is a new idea in lighting—a recessed fluorescent light- 
ing system designed especially for use with the newly developed 
grid-type suspended ceiling. MOBILEX is flexible. Use as single 
units... or create countless patterns of light. Available in 2’x2’ “DECIDEDLY BETTER™ 


and 2’x4’ units. DAY-BRITE. ‘Also available 
for use with 

MOBILEX is casy to install. Insert fixture into grid opening and - rN other ty pe 

let it rest on grid rails. No hangers. No suspension straps. Saves re 

up to 50% in installation time. Get the full MOBILEX story. 


Write today for Bulletin OD-567 331 


Day-Brite Lighting, Inc., 5432 Bulwer Avenue, St.Louis 7, Missouri - In Canada: Amalgamated Electric Corp., Ltd., Toronto 6, Ontario. 
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PUBLICATIONS OFFICE 

ILLUMINATING ENGINEERING SOCIETY 
1860 Broadway 

New York 23, New York 


Send me items circled below: 


123456789 10 11 12 13 14 15 16 17 18 19 20 


Company 


NEW EQUIPMENT DATA 


AVAILABLE WITH COUPON 


New manufacturers’ catalogs and bulletins listed below are available 

free to readers of ILLUMINATING ENGINEERING by mailing the 

coupon. Circle the numbers of those items which you want, drop in 

envelope or fasten securely to back of 2-cent postcard addressed to 
Publications Office. 


Illustrated 24 page catalog covers one piece pressure molded white plastic 
renewable time delay fuses, plug and Folder shows complete testing laboratory 
copper ink fuses and fuse holders. Tech report and dimensional data. Gill Glass 
mien! data seetion tells how a fuse oper and Fixture Co... Philadelphia, Pu 
ites, gives maintenanee hints, and ex 
cerpts from national code and dimensions 

7 ‘page entalog 605 contains infor 


General Bridgeport, Conn 
mation on company’s line of Uni Flow 


Huoreseent troffers featuring instant start 
2 Bulletin 132 is 40 page, twoeolor operation and single pin lamps, available 


presentation of company’s entire line, moone two and three lamp units in 
canopy and outdoor shallow and deep troffer types with or 
recessed fixtures; wiring Without flange (lives general speeities 
speci! units and lighting seeessories; thons and types of shields. Mitehell Mfg 
ineluding Vowue Lites Swivelier Ceo t'o., Chiengo, 


Ibrookivn, N.Y 


& Five new data sheets of a series aré 


3 New pues for ¢ itulog holders de now available deseribing coneent ric ring 
veribe three Mobilex grid type reeessed luminaires for use with silvered bowl in 
Huorescent units and CFL Day Line unit condescent in the Super 500) and 
for industrial installations, Pages give Super 1500) lines, manufactured hy this 
complete engimeering data; construction COM Sheets contain full deserip 
vod installation details, and wiring. Day tions ond illustrations, construction dé 
rite Lighting, Ine., St. Louis, Mo tails ond photometrie data Silvray 


Lighting, Bound Brook, N. J 
4 Catalog No a fully illus 


trated, 44 page engineering entalog fur 9 Three new catalogs cover company’s 
nishing imitial basie mformation on the Curtistrip line of lighting channel in 
“ : 


firms tine of all steel adjustable fram three different 


sizes for wide variety of 


ng, channels and fittings, imeluding di applheation; the new Coronet series of 


rs — 1 «be ~ fluorescent luminaires: the Urna indirect 
n St ts ug 
1 ineandescent) luminaire for wall mount 
mg om various imstallations Brochures 


give illumination data and all pertinent 
5 Catalog pages describe new VCU information. Curtis Lighting Ine., Chi 
line of fluorescent lighting fixtures engo, 
emlly designed for asymmetrical lighting 
requirements om  eorrdors and halls 10 


page ineandeseent lighting cata 
Pages state that sidewise illumination of ige 


log No. 153 is prefaced with engineering 


this fixtur very be rtl 
oad and data ime luclinge nomencliuture, general fac 


t brightness os ‘ ol b ‘ 
he rightn is Shielded by me ane of tors in design of interior lighting sys 
io degree plastie Grate Lite louvers The > 


- tems; tables of room index; then cover 


company’s complete line of ineandeseent 
fixtures of all types, includes installation 


6 Four page, twoecolor catalog PL and construction information; distribu 
7U0C gives details on new Gill Glo lami thon curves and maintenance faetors, Art 
naire featuring concentric ring louver of Metal Cleveland, Ohio 


Offer good for two months 


Circle numbers wanted. Enter name and address. Clip out and mail. 


Zone State 


Catalog tile describes company’s 
complete line of fluorescent fixtures for 
industrial, commercial, school, public 
buildings; gives ETL curves and instal 
lation data. Lithonia Lighting Products 


Co., Lithonia, tia. 


72 Illustrated 32-page bulletin, GEC 
036, explains design, construction, per 
formance and applications of company’s 
complete line of pendent type luminaires 
for street and highway lighting. Gives 
photometric data, distribution curves and 
other technical data. General Eleetrie 
(o., Schenectady, N. Y. 


“Questions and Answers about the 
RLM Label” is a new eight page booklet 
whieh answers some of the most frequent 
Ivy asked queries about the RLM _ Insti 
tute in) question and answer technique; 
ends with a condensed list of enginee 
ing factors involved in specifies 
tions. RLM Standards Institute, Chi 
eago, Tl. 


14 Catalog pages on company’s S082 
Series line of fluorescent luminaires give 
illumination data: details of construction 
und finish; information on maintenance, 
wiring and installation. Show suggested 
installation methods. Garden City Plat 
ing and Manufacturing Co., Chicago, TL 


1§ Catalog No. 52, 32 pages fully illus 
trated, eovers service station lighting 
equipment; ineludes photoes, drawings, 
technical data on horizontal and vertical 
fluorescent units for pump island light 
ing; sealed beam; spot and flood lamp 
holders, neeessories and other related 
equipment Light Oak 
Park, Hl. 


16 Folder 6004 tells of A.L.S. Slim 
line Industrial units, showing several 
special features with full dimensional 
and illumination data, as well as instal 
lation information and = deseription of 
parts and aecessories. Smitheraft Light 
ing Division, Chelsea, Mass, 


17) Eight page bulletin No. 605° on 
stadium lighting deseribes in detail the 
floodlighting of a typical outdoor athletr 
arena stressing the umportance of using 
fully enclosed floodlights which are 
sealed against moisture and dirt. Pyle 
National Co., Chieago, Il 


18 Folder gives information on new 
Burlington fluorescent fixture specifically 
designed and engineered for store light 
ing; includes complete dimensional and 
installation specifications;  iluamination 
performance, and different combinations 
with spotlights. The Miller Co., Meriden, 
Conn, 


19 “Traditional Chureh Lighting” is 
title of 12 page folio showing pe ndent, 
ecellimg and wall mounted fixtures aceu 
rately designed to period motifs Pages 
show wide variety of material finishes 
and glass panels and give complete speci 
fications on all units. Gruber Lighting, 
Brookly n, N Y. 


20 page manual “Planning — the 
Modern Home Electrically” furnishes 
useful information on planning adequate 
wiring for the modern home; where to 
locate outlets: how many and what kind 
of cireuits to provide for; and practieal 
instructions on planning kitehens, laun 
dries, and other lighting areas. Westing 
house Eleetriv Corp., Pittsburgh, Pa. 
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SPILLITE 


Ribbons of ceiling light unbroken by brightness gradations 
where fixtures butt is achieved by the “Spillite” feature 
in Globe’s new UNSOO recessed troffer series. Sluicing slots convert what is . 
ordinarily a series of separate reservoirs into a continuous stream of light. 
The continuous effect is further heightened by an exclusive 
Globe feature which butts glass against glass, 
uninterrupted by frames or trims. 
There are other important features in Globe's UN500 series. 
Write for complete details and lighting data. 


(GLOBE LIGHTING PRODUCTS INC. 
NEW YORK 


“SOUTH MAIN STREET, LOS ANGELES 7. 


May 1955 
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SSA 


Where the requirements call for 
high efficiency plus top quality 


GARGY 


LUMINAIRES WITH ALBA-LITE GLASS SIDE PANELS 


Sliding Clamp Hangers 
meon stems con be lo- — 
cated enywhere on fin- Standard “Star-Liner” units have open 


ture. Adjustable stem top. Top reflectors available to give Relamp to fixtures from 
(just turn to roise or greater downward light. one Ladder Position. Sin- 
lower fixture) means you gle louver shield (even 
hove both vertical and <> on 8-ft. fixtures) hinges 
horizontal alignment. down at either end. . . 
Contractors say Garcy permits relamping of 
fixtures ore least expen- two 8-ft. fixtures from 
sive to hong. one ladder position. 


“STAR-LINER” Luminaires 
give a modern, built-in look . . . 


yet can be installed almost 
overnight! Priced surprisingly 


low—yet built with quality 
features for trouble-free serv- 


Fixture ends are easy louver cannot rattle or 
to wire through. Lorge “sing”. The V-shaped 
openings simplify wiring bockbone of the louver 
| connections for contin- exerts pressure on the 


> gous runs; cut installation <—> cross-fins .. . holds them 
time. in o vise-like grip thot 


tle or “sing”. Louver just 
snaps into ploce ... no 
screws to be manipuloted. 


Lengthwise 39°. Four-foot or eight- 
foot units. Standard fluorescent or 
slimline. Two-lamp or four-lamp units. 


Shielding angles: Crosswise 31°. | prevents looseness, rot- 


GARDEN CITY PLATING & MFG. CO. 


1760 NORTH ASHLAND AVENUE 
CHICAGO 22, ILLINOIS 
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THE WAY SAVINGS 
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Street and Factory Illumination 


Sylvania Mercury Vapor Lamps 
offer more light . . . 
better light to see by . . . at lower cost. 


Sylvania’s line of improved mercury vapor lamps 
brings high lighting efficiency to municipal, com- 
mercial, and industrial installations . . . at remark- 
ably low costs. 

These modern lamps have an average rated life of 
6,000 hours . . . many times longer than ordinary 
incandescent bulbs. They also offer twice the light 
output of incandescent types for the same amount of 
wattage. 

As a result of this higher intensity, fewer lamps 
and fewer fixtures are required. This in turn means 
big savings in installation, maintenance and service 
costs, too. New illustrated folder gives complete in- 
formation and characteristics concerning Sylvania 
Mercury Vapor Lamps. Mail the coupon for your 
copy NOW! 


For improved industrial lighting in high 
bay installations, Sylvania Mercury 
Vapor Lamps help to increase production 
and reduce lighting costs. 


For outdoor floodlighting, parking 
areas and sportslighting, Sylvania Mer- 
cury Vapor Lamps bring desired lighting 
intensities at desirable savings in costs. 


For better, safer street illumination, 
alert municipal authorities are turning 
more and more to efficient, economical 
Sylvania Mercury Vapor Lamps. 


LIGHTING RADIO ELECTRONICS TELEVISION 


In Conada. Sylvania Electric (Canada) Ltd. University Tower Bidg.. St Catherine St, Montrec!, P 


Sylvania Electric Products inc 

Dept. 31-3005, 1740 Broadway 

New York 19. N Y 


Please send me new illustrated folder de- 
scribing Sylvania Mercury Vapor Lamps 


Street 


City... 
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New G-E fluorescent 
lamp starts quicker, 
needs no starter 


You ex xpec ect the best value from G- E fluorescent lamps 


* 


Wateh the clock. Above are four unretouched photos taken about one second 
apart. On the left are regular fluorescent lamps. on the right the new General 
hleetrie Rapid Start thuorescent lamps. All were started at the same instant, 

Within two seconds, all five G-E Rapid Start lamps are fully lighted. The 
regular lamps are only beginning to light. 

Iwo new General Electric developments made the Rapid Start 
ble: a triple coil cathode that holds more starting chemical and a Raped Start 
ballast that pre-heats the lamp automatically. No starter needed. No wait for 
pre-heating. Starting is almost instantaneous, maintenance is simpler. cheaper. 

Start lamps and ballasts are NOW tilable. You expect the best value 
from G-E fluorescent lamps. Here's one more reason why you can. 

kor free folder, “Facets About apid Start” write General Electric, Dept. 
Nela Park, Cleveland 12. Ohio. 


You can put your confidence in — 
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“Every Dial Instantly 
Readable Under 


a Wakefield Ceiling. 


Tota! Areo 
Approximately 1,325 Square Feet 


location 


Centre! Control Room of a 
Turbine Room 


Des. gred Initial Level 
95 footcandies 


Desgned Working 
ilumination Level 


55 to 60 footcandies 


lomps Used 
72° and 96" T-12 430 MA lamps 


Licensed Agent 
Groayber Electric Company, Inc., 
Chicage, 


This is the central control room of the 
turbine room of a large midwestern 
manufacturer of electrical equipment. 
A Wakefield Ceiling provides virtually 
perfect seeing conditions for quick, 
accurate dial readings. Light is diffused 
so evenly through the corrugated 
Plexiglas “ceiling” that both direct 
and reflected glare are for all practical 
purposes non-existent. 

Not only is light controlled by this 
Wakefield Ceiling but sound and air 


~ 
Cass 


THE PACEmare® HE COmmO000€ 


diffusion as well. Suspended acoustical 
baffles furnish excellent sound absorp- 
tion; and conditioned air is delivered 
into the room through the multiple 
openings at the edges of the corrugated 
Plexiglas diffusers. The Wakefield 
“Three-Way” Ceiling is a revolution- 
ary development in environmental con- 
trol. For a detailed, illustrated booklet, 
complete with working drawings, 
write to The F. W. Wakefield Brass 


Company, Vermilion, Ohio, 


Makefile’ Over-ALL Lighting 


> Be 
& 01 01 1) 
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EAST SIDE, WEST SIDE... 


al] around the town 


Event: 
Dates: 
Location: 
Program: 


1953 National Technical Conference of the Illuminating Engineering Society. 
September 14 - 17. 
Commodore Hotel, New York, N. Y. . . . just four blocks from Times Square. 


A full presentation of the latest developments in the art and science of illum- 
ination . . . in the heart of the Entertainment Capital of the World. 


Make LE.S. Part of Your Vacation Plans 


ILLUMINATING ENGINEERING 


| | 
plays host to ES. 
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USA 


PITTSBURGH SECTION 


Associate Members 
RK. Sunray Electr Ine Warren, 


Dunhan 


Harz, RF Sylvania Electric Products In 
Wheeling, W. Va 


PUGET SOUND SECTION 
dsscciate Member 
Knowles, H. F Puget Sound Naval Shipyard 


Vashon, Wast 


Sr. Lovis SreTION 


Members 

Habiak Frank Sabiak Electric Service 
Springfield, Il 

Champlin, ¢ kK Il, The Edwin F. Guth Co, 


St. Louis. Mo 
Leach, W. M., Glaseo Electric Co, St. Louis Jefferson Pole-Top Units 


used with NEPO Equipment 


JACINTO SEOTION 


SAN 


Member 


Ww son, S. L., Brown & Root, Houston Weatherproof Jefferson Trans- 
Nas 

e former with pole-top adaptor 

SouTHEAST FLORIDA CHAPTER fits any pole 22" to 4” O.D. 

Associate Member Transformercaseisheavy deep 

Electric ¢ Ine drawn steel —hot-dipped goal- 


sellamy Graybar 


Miami, Fla é voanized for many years of pos- 
Student Members itive protection. No seams or 
Alvarez, Ro L., University of Miami, Coral crimped edges for moisture to 
tiables, Fla i i 
Kiel, F. K., University of Miami, Coral Gables, 
Fla 
Silvers, B. E., University of Miami, Coral ances 


ahi People Stop To 


SOUTHERN CALIFORNIA SECTION 


Shop Where Lights Are Brightest 


Thomas | Westinghouse Electric Corp., 
Los Angeles, Calif 
Riteiaiieseeeiniiaiiee ‘Miaibieiiaes Bright lights mean safety and convenience. Lighting men and business men 
Wenger recognize its value wherever people shop, work, or move at night. It's pood 


Anderson, G. A, Feleo Products Ine Dallas business to light up. 
Texas 

{ssociate Members And it’s good business for you to recommend Jefferson Mercury Lamp 
wckson, BR. C.. Je, Cahn Electric Co. Ine Transformers and quality built fixtures for top-notch performance as in the 


Shreveport, La 


Madden, R. D.. Southwestern Gas & Electric parking lot illustrated above. 
ps aga yee In every mercury installation it pays to use Jefferson Transformers. You 


Rutledge s Ss frraybar Electric Co Inc., 
Dallas, Texas get better lighting results, better appearance, maximum efficiency and lower 

Shepherd. ©. K.. Southwestern Gas & Electric maintenance costs. Write for your copy of 16 page Bulletin 521-5 giving de- : 

Stochr, A. W.. G. W. Milner & Co. Dallas tails of both indoor and outdoor type Jefferson Mercury Lamp Transformers. 
Texas 


And People Guy Where Lights Are Brightest 7 


Holmes, A. W Dept. Publie Works, Canada 


Teront tint 
3. Ama gamated Electric Cory Ir. stores, banks, schools and offices, 
Wright, D. ©. Canadian General Electri maximum fluorescent lighting satistac- 
Co., Toronto, Ont tion depends greatly on good ballasts. 
Core Maximum light output, lamp life and 
La Crosse, W when you specify Jefferson Ballasts. 


There's a better built Jefferson Ballast, 
normal or high power factor design, to 
operate every standard size of fluores. 
cent lamp. One and two lamp 
high power factor ballasts for 
all types and sizes of Slimline 


Starbird W \ Starhird Eleetrie Co Min 


neapolis, Minn 


CHAPTER 


VWewher 
Moves, P M.A. Young & Hansen, Salt Lake 
City, Utah 


Members 


Anderson, Tb. I Sound & Stage Rental Serv 
iee, Salt Lake City, Utal , Lamps. Included in the line are 
‘ rthur We nuehouse eectr Sup 
Series Sequence and Lead-Lag designs. 
ply Co., Salt Lake Cit tal \ ome 
All are E.T.L. and U.L. approved. Write 


VANCOUVER ISLAND CHAPTER 
for new Ballast literature. 


JEFFERSON ELECTRIC COMPANY 


Bellwood, Illinois 


Member 
Andersen, K trie Co. Ltd 
Vietoria, BL 


New YorK SECTION 
Members 
Lyth dr Niagar Mohawk Power 
le rso Nn ELECTRIC 
Luke ity Eleetrie Co Ine 
Sutton, Buffalo Electrie Co. Inec., Buf 
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‘T'S 


ALL-WHI 
ABourte 


@ Cooler, cleaner lighting 
s longer lamp life. That's 
you can expect with mid 

ABouire “All-White™ 
etime, porcelain ‘enameled 
fixtures. The ventilating slots 
provide automatic air circula- 
tion, dust from 


WEST LAFAYETTE. OHIO 


i 
molded Plastics 
Wiped, Diy 
Sprayed On 


ped or 


Appl 
One Side Kew 


NEWEST ON 

FOR DIPPING 
279 to ', WATER 
towers Quantity net 
cot te $1.0 gal 
gives ABSOLUTELY 
SPOT FREE HIGH 
LUSTRE FINISH 


$3.85 
$8.50 


Write or wire TODAY! 


MERIX CHEMICAL COMPANY 


DEPT tes. 553 


1 E. 55th St., Chicago 15, I. 


AS THIS BALLAST 
GOOD 


If your company prides itself in making quality fluorescent 
lighting fixtures, then, this Acme Electric ballast should be 
a principle component. For detailed engineering data and 


test samples write. 


ACME ELECTRIC CORPORATION 


295 WATER STREET 


CUBA, N. Y. 


In Canada: ACME ELECTRIC CORP., LTD. * 50 N. Line Rd. * Toronto, Ontario 


INDEX TO ADVERTISERS 
May 1953 


Abolite Lighting Division 
Jones Metal Products Co. 


Acme Electric Corp. 


Benjamin Electric Mfg. Co. 
Inside Front Cover 


Certified Ballast Manufacturers 
Inside Back Cover 


Day-Brite Lighting Inc. 31A 
Garden City Plating & Mfg. Co. 334A 
General Electric Co., Apparatus 27A 
General Electric Co., Lamp 36A 
Gibson Mfg. Co. 28A-29A 
Globe Lighting Froducts Inc. 33A 
Edwin F. Guth Co. Back Cover 
Jefferson Electric Co. 39A 


The Kirlin Co. 9A-10A 


Leader Division 
Benjamin Electric Mfg. Co. 


Lighting Products Inc. 
Litecontrol Corp. 
Meierjohan-Wengler 

Merix Chemical Co. 
Philadelphia Electrical & Mfg. Co. 2 
Rohm & Haas Co. 

Smithcraft Lighting Div. 

Sola Electric Co. 

Sunbeam Lighting Co. 

Superior Electric Co. 
Sylvania Electric Products Co. 
Unistrut Products Co. 

F. W. Wakefield Brass Co. 


Westinghouse Electric Corp., 


Lighting 1A, 29A-21A 


LIGHTING SALES SPECIALIST 
We have opening for an experi 
need salesman who can sell hghting equipment 
profitably in the Philadelphia area 
Reputable, established business provides exer! 
lent foundation and basis for money making 
opportunity limited only by ability te produce 
Liberal basis of remuneration 
Address replies giving age experience and 
present earnings Voigt Company, 16°56 North 
Carlisle St. Philadelphia 21, Pa 


an interesting 
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LIGHTING DATA SHEETS 


ARE HERE AGAIN! 
New Series XVIII 1.E.S. Sheets 
now being mailed to subscribers 
Whether for your personal use or for distribu 


tion to ¢ tomers and pr ther: 
‘ t j a pros 


1 ES. Lighting Data Sheets. Eact y series of 
+ sneets Dring a new Selectior top-notct 
olut r t er lighting er Se é 

XVIII. first & sheets of which ar w being 
elivere no exception 

Concise, well-illustrated. highly informative 
you ll find a binder of |.E'S. Lighting Data Sheet 
a deep well of lighting ‘ for every type of 

tallation 

Start your idea binder now with Ser 
XVIII 1.E.S. Lighting Data Sheet Recome a 


regular subscriber 
Series XVIII IES Lighting Data Sheets . . . 24 to series, 
mailed May, September, january - . $1.25 per series; 
$1 in lots of 10 or more sets. 
Publications Office 
IMuminating Engineering Society 
1860 Broadway, New York 23, N. Y. 
Enter my subscription to Series XVIII IES Lighting Data sheets 


Name 
Street 
City Zone State 
Check (M.0.) enclosed \_ Bill me 


SUNBEAM LIGHTING FOR MODERN STORES EMPHASI 


Ornamental 


LIGHTING 
FIXTURES 


of genuine bronze on 
wrought iron, for churches, 
schools, banks, and public 
buildings, to your order or 
to architects’ specifications, 
No order too large, none 
too small. metal 
craltsmanship has a nation 
wide reputation for highest 


quality, 


W. St. CINCINNATI 3, OHIO. 


Store lighting, today, is more than the attain- | 
ment of high levels of illumination for comfortable seeing. It | 
requires advanced illuminating engineering to install a lighting 
system, balanced to bring out colors and textures, that will create 
“atmosphere” and add dramatic accents to merchandise for as- 
sured sales appeal. This depends directly upon the versatility of 
the luminaire design and its flexibility for light distribution con- 


trol. Certified by photometric tests, Sunbeam fluorescent and } 


incandescent commercial fixtures meet the demands of good 


the aesthetic effectiveness and practical solution to the illumina- 


store lighting. Typical of many Sunbeam lighting installations, 


tion of two modern stores is shown here. See your leading elec- 


trical distributor for Sunbeam’s complete line of lighting fixtures. 
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We design and fabricate 


Write for our new illustrated catalog 


ZES SALES APPEAL 


 MEIERJOHAN-WENGLER 


SUNBEAM company 


777 €. 147TH PL. + LOS ANGELES 21, CALIF. 
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The rapid start lamp and the Sola Constant Watt 
Ballast together form the heart of an entirely new fluo- 


rescent lighting system. All the inherent advantages of 
the rapid start lamp are enhanced when operated from 
a Sola Constant Wattage Ballast regardless of line 
voltage conditions. This is the finest ballast that Sola 


Accelerated life tests indicate exceptionally long 
lamp life relatively unaffected by the number of 


starts radio interference suppressed .. . com 
pletely safe during lamp changes unusually 
quiet positive light upon closing switch. 


Lower initial costs compared with instant start .. . 
simplified wiring . . . permits use of conventional 
bi-pin lamp holders with absolute safety since the 
circuit of the ballast is self protecting against shock 


hazard series type circuit which has been rec 
ommended for rapid start lamps by major lamp 
manufacturers 


O LA BALLASTS 


PHILADELPHIA, Commercial Trust Bidg., Rittenhouse 6-4988 
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SOLA 


For 


RAPID START LAMPS 


Here is the lighting system that automatically, unfailingly 
maintains the performance you specify 


Transformers fer: Constent Vo! © Fiverescent Lighting Cold Cathode Lighting © Mercury Vapor Lighting © Luminous Tube Signs 
SOLA HLECTRIC 4633 W. Street, Chieage SO, Hlinels, Bishop 2-1414 NEW YORK 35: 103 E. 125th TRafalgar 6-6464 


CLEVELAND 15; 1836 Euclid Ave., PRospect 1.6400 © KANSAS CITY 2, MO.; 406 W. 34th St., Jefferson 4382 © Representatives in Principal Cities 


Consland Wadlage 
BALLASTS 


Electric Co. engineers have ever created. and they have 
introduced a notable number of ballast “firsts.” Here is 
a unique lighting system resulting in performance that 
is unsurpassed from any point of view. Check the list 
below. Compare and you will specify Sola Constant 
Wattage Ballasts for your rapid start lamp installations. 


Constant light output within +2.5°%, with line volt- 


age variations as great cs +10°% .. . cooler operc 
tion (average heat rise 50°C) for reduced air con 
ditioning load . . . UL listed . . . meets proposed Cer- 


tified Ballast Manufacturer's specifications and every 
suggested requirement of major lamp manufacturers. 


Only two wires, directly from the ballast, to connect 
on the line, no wiring to lamp sockets . . . ballast 
has extremely long life since it is very cool in opera- 
tion . . . self protecting under abnormal conditions, 
when lamp failure occurs the ballast actually runs 
cooler, not hotter .. . gives your customer ai! the light 
he pays for because of constant wattage feature. 


WRITE FOR RAPID START BALLAST BULLETIN C-PFL-167. If you want 
more information, write or phone the nearest Sola office listed below. 


BOSTON: 272 Centre St.. Newton 58, Mass., Bigelow 4-3354 
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Fluorescent Service Co. 
finds CERTIFIED BALLASTS best 


WILLIAM H. STERN, President 
Fluorescent Service Company 


Fluorescent Service Company, outstanding Washington, D. C., firm specializing in maintenance of 
fluorescent lighting installations, reports CERTIFIED BALLASTS give the best lighting results. 


Mr. William H. Stern, president, says, “I find far fewer ballast troubles and better lighting 


performance when Certified Ballasts are used and I con- 

sider it good practice to install Certified Ballasts whenever z= ¥ 
” 

placements are necessary. sie 

replacements are necessary aS BU 

Experience is proving it pays to insist on CERTIFIED -” 

BALLASTS because they assure — 

Full Lamp Life Rated Light Output Long Ballast Life 


CERTIFIED BALLASTS are made by 10 leading manufacturers to 
precise specifications, then tested by Electrical Testing Laboratories, 
Inc., which certifies they conform to these high standards. 


Write for complete information on the types of CERTIFIED 


BALLASTS available from each participating manufacturer. 


-articipation in the CERTIFIED BALLAST program is open to any 
ee manufacturer who complies with the requirements of CERTIFIED 
FATIFIED BALLAST MANUFACTURERS 


Des HIGH PF Makers of Certified Ballasts for Fluorescent Lighting 


2116 KEITH BLDG., CLEVELAND 15, OHIO 
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to greater 
flexibility 
in planning 


INCANDESCENT 


CATALOG +49 


No one fixture solves every 
incandescent lighting problem—but the 
complete GUTH Line does! 


May we send you a copy? 


IT’S FREE! 


2 
ily on 
Z 
your guide \ 
| 
LEA ae 
“SUG THE EDWIN F. GUTH CO. / ST. LOUIS 3, MO a 


